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INTRODUCTION 
An efficient marketing system seeks to deliver adequate 
quantities of products from producers to consumers subject to 
reasonable marketing cost. Grading and standardization 
serves as a facilitatinq function in this marketing process. 
The principle of consumers• sovereignty implies that the 
consumer is king and that all production and marketing 
practices should be constructed to meet the wants and desires 
of the consumer. Unfortunately, technological, institution-
al, and resource restrictions sometimes limit the extent to 
which this qoal can be achieved. Performance and efficiency 
of the marketing system most therefore be analyzed relative 
to the optimal performance and efficiency possible under the 
given physical and institutional restraints. 
The particular problem under investigation here is the 
gradinq and standardization of u. s. soybeans. The 
tremendous growth in soybean production and processing over 
the past 25 years gives impetus to such research. A vast 
amount of research has been undertaken to improve yield per 
acre, quality, and processing techniques for soybeans. 
Unfortunately, the grading system has been frequently 
overlooked. 
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Purpose 
The purpose of this research is to determine the 
relevancy and efficiency of the present soybean grading 
system. This provides a basis for evaluating alternative 
qrading systems and their relative efficiency. 
The first numerical grades for soybeans vere established 
over forty-five years ago vitb only slight modifications 
since then. Since the original promulgation of soybean stan-
dards, great strides have been made in our knowledge of proc-
essinq, aarketing and distribution of soybeans. The basic 
purpose of this research is to determine if these changes 
have brought about a need for revision in the present soybean 
standards. 
The soybean seed is composed of tvo principal products, 
soybean oil and soybean meal. The present system of grading 
does not, however, take into account either oil or meal con-
tent of soybeans . If ve assume that consumer wants and 
des ires are reflected by the prices they are willing to pay 
for particular products, the pricing mechanism vill serve as 
a means of communication between consumer demands and produc-
tion decisions. Por optimal communication between producers 
and consumers in the soybean market, demand for the two 
principal products, oil and meal, should be reflected in the 
price of soybeans. 
) 
If ve assume that "tr-ue product valuP" i s ["eflacterl by 
the quantity and quality of oil and meal in soybeans, we c an 
then determine if present gradinq standards adequately 
portray this "true product value". Since value of the prod-
uct is reflected by mark e t price, a grading and pricing 
scheme which accurately describes true product value is 
instrumental in the expedi ent and precise transfer of 
consumer wants bac~ to the producer-. An attempt will be made 
to determine if the present pricing and grading system does 
in fact reflect "true produc t value". 
An attempt will be made to estimate the costs involved 
in soybean quality determination for both the present grading 
system and for the analysis of oil and protein content. 
The present grade factors-- t est veight, moisture, 
splits, damage and foreign material--vill be evaluated to de-
termine the importance of these factors upon quality and/or 
quantity of oil and meal output. 
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Method of Analysis 
The method of analysis is first to develop the distribu-
tions of quality measurements for soybeans at various stages 
in the marketinq channel. The second is to determine which 
of these quality characteristics processors desire and their 
relative importance. The third is to develop (a) the inter-
relationships among quality factors, (b) the relationships 
between quality factors and market prices, (c) t be re la ti on-
ships between quality factors and actual product value, (d) 
the relationship between market prices and actual product 
value, and (e) the relationship betv een numerical grades and 
prices. The fourth and final method of analysis will involve 
determininq the efficiency, cost and workability of the 
present and alternative grading systems for soybeans. 
Twelve cooperating country elevators in a ten county 
area in North-Central Iowa provided 199 samples of farmer 
delivered soybeans during the 1971 fall harvest period. All 
199 soybean samples were submitted to an official grain 
inspector for qrading. These results were used to establish 
quality characteristic distributions for moisture, test 
weight, damage, qrade, splits and foreign material. A subset 
of the 199 samples (47 samples) was sent t o an official oil 
and meal chemist for oil and protein determination. The ten 
county fall harvest sample area is shovn in Figure 1. 
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Fig ure 1. Fall harvest ~amp le area 
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A total of 124 official grade certificates were collect-
ed from two local soybean processors and from a local termi-
nal elevator to determine vhat, if a~y. changes in quality 
occur durinq transit and storage. 
Pifty-tvo soybean processors in nine states were 
surveyed. The questionnaire objectives were to (a) deter-
mine what quality characteristics processors deter~ine impor-
tant, and their relative ranking, (b) establish cost esti-
mates for quality determination at the processing point, and 
(c) evaluate processor opinions on present and alternative 
grading systems. Of the 52 processors contacted, 32 replied 
to the questionnaire in one form or another. Of the 32 
replies, 21 involved actual completion of the questionnaire. 
Two hundred and ninety-three elevator managers in Iowa 
were also surveyed. The country elevator questionnaire ob-
iecti ves were similar to the ones outlined above for the 
processor questionnaire. 
In order to arrive at a dollar estimate for "actual 
product value" two total-value-product m~els were developed. 
These tvo models define total product value as a function of 
oil and protein content. 
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SOYBEANS AND THE SOYBEAN INDUSTRY 
The soybean bas been cultivated in Eastern Europe since 
ancient times. The first cultivated soybeans were derived 
from a wild species. The United States first experimented 
with soybeans as a crop in the early 1800•s. The primary 
usage of soybeans during this period was as a forage or 
pasture crop. Early production of soybeans in the U. s. was 
concentrated in the southeastern states. In 1915 approxi-
aately 10,000 bushels of soybean seed were crushed at a 
cottonseed oil mill in North Carolina. This operation re-
sulted in a grain production and marketing revolution that 
continues even today (10). 
Production 
The soybeans principle growing areas are in the 
temperate growing reqions of the world, notably North America 
and Asia. The United States, the world's largest producer, 
supplies approximately 1,134 million bushels of the total 
world production of 1,526 million bushels. The second 
larqest producer is mainland China vith an approximate annual 
production of 255 million bushels. Brazil and the soviet 
Union follow with 47 and 22 million bushels, respectively. 
The remaining soybean producing nations supply approximately 
35 million bushels annually. These soybeans are produced on 
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71 million acres of the world's cropland. The United States 
leads in total area harvested vith 41.6 million acres. 
ftainland China harvests approximately 19.7 million acres com-
pared with slightly less than 2 million acres for both the 
Soviet Union and Brazil (27) • 
The United States does not lead, however, in yield per 
acre. Canada's average of 31.2 bushels per acre for its 1970 
crop is a current vorld record. The United States and 
Columbia rank second and third in yield per acre vith 27.3 
and 26.5 bushels per acre, respectively. The average soybean 
yield for the vorld is 21.5 bushels per acre (27). 
The United States, ~ainland China, and Brazil account 
for almost 95 per cent of the world's production of soybeans. 
The United States, which accounts for 75 per cent of world 
production, is of particular importance. The o. s. dominance 
in world production is exemplified by the fact that the two 
leading soybean production states in the u. s., Illinois and 
Iowa, produce more soybeans than all foreign countries com-
bined (27). 
The corn belt states of Ohio, Indiana, Illinois, Iowa, 
ftissouri, and Minnesota accounted for approximately 65 per 
cent of 1971 u. s. production. see tables 1, 2, and 3. Iowa 
accounted for approximately 15 per cent of total o. s. pro-
duction. Illinois vas the only state to exceed Iowa vith ap-
proximately 20 per cent of total production. 
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Table 1. Soybean acreage by statesi z 
1968 1969 1970 19713 
North Carolina 972 885 867 936 
South Carolina 931 959 988 1, 047 
Georqia 472 467 528 635 
Alabama 557 641 609 662 
----- ----- ----- -----
Total south East 2,932 2,952 2, 99 2 3,280 
Kentucky 466 485 558 742 
Tennessee 1, 19 3 1, 193 1,217 1, 30 2 
P!ississippi 2,120 2,290 2,313 2,359 
Arkansas 3,989 4, 228 4,313 4,266 
Louisiana 1,436 1, 608 1,688 1,644 
----- ----- ----- -----
Total South Central 9,204 9,804 10, 089 10,313 
Ohio 2,276 2,344 2,414 2,494 
Indiana 3,246 3,311 3 ,278 3,377 
Illinois 6,663 6, 730 6,800 7,150 
Iowa 5,561 5, 450 5,680 5,440 
ftissouri 3,663 3, 150 3, 46 5 3,605 
!innesota 3,232 3,068 3,099 2,851 
------ ------ ------ ------
Total Eastern corn Belt 24,641 24, 053 24, 73 6 24,917 
North Dakota 215 185 181 208 
South Dakota 300 243 247 240 
Nebraska 782 766 812 640 
Kansas 957 852 1,005 871 
----- ----- ----- -----
Total Western Corn Belt 2,254 2,046 2, 245 1, 959 
Other• 2,073 2, 127 1,994 1,940 
------ ------ ------ ------
Total u.s. 41,104 40,982 42,056 42,409 
---------------------------------------------------------------
isource: Fats and Oils Situation, February, 1971, 
April, 1971 (35). 
2 111 amounts are in thousand acres. 
3Preliminary re ports. 
•Nev York, Nev Jersey, Pennsylvania, Michigan, 
Wisconsin, Delaware, Maryland, Virginia, Florida, Oklahoma 
and Texas. 
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Table 2. Yield per acre by states1 
1969 1970 19712 
North Carolina 26.5 24. 0 24.0 
south Carolina 22.5 20.5 21.5 
Georqia 24.0 22.5 25.5 
Alabama 23.0 23.5 26.5 
Total South East 24.0 22.6 24.4 
Kentucky 28.0 27.0 29.5 
Tennessee 24.0 23. 0 26.0 
Mississippi 22.0 24. 0 23.0 
Arkansas 20.5 22.5 21.5 
Louisiana 19.0 22.5 23.0 
Total South Central 22.7 23. 8 24.6 
Ohio 29.0 28.5 30.5 
Indiana 32.5 31.0 33.5 
Illinois 33.5 31. 0 33.0 
I ova 33.0 32.5 32.0 
Plissouri 26.0 25.5 27.0 
Minnesota 24.5 26.5 23.0 
Total Eastern corn Belt 29.8 29.2 29.8 
North Dakota 16.0 15.0 14.0 
south Dakota 24.5 17.5 21. 0 
lfebraska 33.S 22. 0 25.0 
~ansas 23.0 15. 0 20.5 
Total Western corn Belt 24.2 17.4 20. 1 
All others:J 25.5 23.6 25.3 
Total United States 27.5 26. 7 27.6 
---------------------------------------------------------------
•source: Fats and Oils Situation, February, 1972 (35). 
zereliainary reports. 
3 Nev York, Nev Jersey, Pennsylvania, Michigan, 
Wisconsin, Delaware, Maryland, Virginia, Florida, Oklahoma 
and Texas. 
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Table 3. Soybean production by statesl 
North Carolina 
South Carolina 
Georgia 
llabaaa 
Total South East 
Kentucky 
Tennessee 
"ississippi 
Arkansas 
Louisiana 
Total South central 
Ohio 
:Indiana 
Illinois 
Iowa 
!issouri 
!Hnnesota 
Total Eastern Corn Belt 
North Dakota 
South Dakota 
Nebraska 
Kansas 
Total western corn Belt 
All others:J 
Total u. s. 
1969 1970 19712 
Thousand bushels 
23,453 20,808 22,464 
21,578 20,254 22,511 
11,208 11,880 16,193 
14,743 14,312 17,543 
70,982 
13,580 
28,632 
50,380 
86,674 
30,552 
209,818 
67,976 
107,608 
225,455 
179,850 
81,900 
75,166 
737,955 
2,960 
5,954 
25,661 
19,596 
54,171 
53,388 
67 ,2 54 
15,066 
27,991 
55,512 
97,043 
37,980 
233,592 
68,799 
101,618 
210,800 
184,600 
88 ,3 58 
82,124 
736,299 
2,715 
4,323 
17,864 
15,075 
39,977 
46,618 
78,711 
21,889 
33,852 
54,257 
91,719 
37,812 
239,529 
76,067 
113,130 
235,950 
174,080 
97,335 
65,573 
762,135 
2,912 
5,040 
16,000 
17,856 
41,808 
47,178 
--------- --------- ---------
1,126,314 1,123,740 1,169,361 
---------------------------------------------------------------
isource: Fats and Oils situation, February, 1972 (35). 
2Preliminary reports. 
3New York, New Jersey, Pennsylvania, ~ichigan, 
Wisconsin, Delaware, Maryland, Virginia, Florida, Oklahoma 
and Texas . 
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Soybean Exports 
The United States dominance in world soybean production 
is exceeded by its dominance in vorld trade of soybeans and 
soybean products. Kore than 75 per cent of world soybean 
exports have originated in the United States for all but a 
fev years follovinq World War II. Since 1962, the United 
states has accounted for nearly 90 per cent of total world 
soybean trade . Tables 4, 5, and 6 shov soybean, soybean oil, 
and soybean meal exports for selected years since World war 
II by area of destination. Table 1 shows the relative impor-
tance of the maior soybean exporting nations for the years 
1965-67. 
Soybean oil faces a highly competitive international 
fats and oils market. The principal competing fats and oils 
are butter, lard, groundnut (peanut) oil, cottonseed oil, 
coconut oil, sunflower oil, palm oil, olive oil, rapeseed 
oil, and marine oils. In 1955 soybean oil ranked third in 
world fats and oils production and third in international 
trade of fats and oils. By 1967 s oybean oil was the leading 
source of fats and oils production in the world. Fur t her, in 
1967 soybean oil was the leading fat and oil in international 
trade, with almost double the trade of its nearest 
competitor, coconut oil (15). 
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Table 4. u. s. soybean exports by area of destination' 
1949 1954 1959 1964 19692 
1000 bushels 
North America 2,831 7, 865 16,585 3 5, 128 66, 000 
South America 3 37 1, 234 3,000 
Western Europe 7,388 22, 668 69,797 105,545 220,000 
Eastern Europe 22 4,857 6, 000 
Africa 122 588 419 
Asia and Oceania 4,907 26,650 52,898 64,992 120,000 
----- ------ ------ ------ -------
Total 15,127 57,307 139,9313 212,175 415,000 
---------------------------------------------------------------
I Source: Fats and Oils Situation, June, 1970 (35). 
ZEstimate based on June indications. 
lincludes three •illion bushels not designated. 
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Table 5. u. s. soybean meal exports by area of destination' 
1949 1954 1959 1964 1969Z 
1000 tons 
North America 24.7 91.8 242.3 305.8 300.0 
south America .7 1.2 8.7 3.1 
Western Europe 21.9 158.4 362.0 1501.1 3025.0 
Eastern Europe 20. 4 16 5. 9 500.0 
Africa 5. 0 
Asia and Oceania • 1 20.3 15. 3 59.9 170.0 
----- ----- ------ ------
Total 47. 4 271. 7 648. 7 2036.0 4000.0 
---------------------------------------------------------------
1 Source: Pats and Oils Situation, June, 1970 (35). 
2Esti•ate based on June indications. 
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Table 6. u. s. soybean oil exports by area of destination' 
1949 1954 1959 1964 19692 
---------------------------------------------------------------
Million pounds 
North America 25 29 62 72 150 
South America 2 2 107 151 100 
western Europe 255 14 509 348 15 
Eastern Europe 80 56 10 
Africa 2 6 90 145 175 
Asia and Oceania 6 105 576 750 
Total 291 50 953 1339 1220 
---------------------------------------------------------------
1 Source: Fats and Oils Situation, June, 1970 (35). 
Z!stimate based on June indications. 
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Table 7. Soybean production and exports by major producing 
nations• 2 
country 
u. s. 
China 
Brazil 
Others 
Total 
Production 
amt.3 
917 
252 
22 
78 
1269 
~ 
72 
20 
2 
6 
100 
Exports 
amt.3 
246 
21 
6 
5 
278 
" 
89 
7 
2 
2 
100 
---------------------------------------------------------------
'Source: Rouck, Ryan, and subotnik (15). 
ZYears 1965-1967. 
llll amounts are in million bushels. 
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Soybean aeal, on the other hand, does not face as com-
petitive an international market as does soybean oil. 
Soybeans are the most important and one of the fastest 
growing sources of high-protein meal. Soybean meal exports 
of over 9 . 8 million metric tons in 1967 were over three times 
the voluae of exports of its nearest competitor, fish meal, 
at 3.0 million metric tons (15) . 
One of the major reasons for the dominance of soybeans 
in the world aeal market is their high percentage of crude 
protein. Unlike the oils, high-protein meals are not close 
substitutes since they differ in quality and quantity of pro-
tein. Althouqh fish meal contains a higher content of pro-
tein then does soybean meal, its use in livestock feed is 
limited due to the residual oil remaining in the meal after 
processinq. Table 8 shows the crude protein content of the 
major high-protein meals. 
Another major reason for the dominance of soybeans in 
the international oil-seeds markets is the high meal-to-oil 
ratio of soybeans. The increased importance of high-protein 
meals in world agriculture gives soybeans a comparative a d-
vantaqe over the oth er oilseeds. Table 9 shows t he pe rcent-
age oil and meal composition of the major oilseeds. 
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Table 8. Approximate crude protein of the major meals' 
Per cent crude protein by weight 
Soybean 42-50 
Cottonseed 36-43 
Groundnut 45-56 
Sun floverseed 37-38 
Linseed 32-39 
Copra 22 
Palm kernel 23 
Fish 60-73 
--------------------------------------- ------------------------
isource; Houck, Ryan, and subotnik (15). 
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Table 9. Average percentage yield by weight of the major 
oilseedst 
Item Per cent meal Per cent oil 
Groundnuts 58 42 
Cottonseed 46 18 
Linseed 64 35 
sunfloverseed 68 31 
Copra 35 64 
Pa 111 Jte rne 1 52 46 
Rapeseed 58 40 
Soybeans 80 17 
---------------------------------------------------------------
isource; Houck, Ryan, and subotnik (15). 
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The leading import countries for u. S. soybeans, soybean 
oil, and soybean meal are listed in tables 10, 11, and 12. 
These tables indicate that the more developed countries tend 
to import the greatest proportion of soybeans and soybean 
meal, while the less developed countries tend to import 
larger quantities of u. s. soybean oil. 
The total value of u. s. soybean exports as soybeans was 
1,325 million dollars in 1970. This figure represents an av-
eraqe price of SJ.06 per bushel of soybeans exported. The 
value of 1970 soybean meal and soybean oil exports were 405 
million dollars and 250 million dollars, respectively. These 
figures imply the value of exports for soybeans and soybean 
products approached tvo billion dollars in 1970 (35). 
Soybeans are an important source of protein in the diet 
of the people in Asia and Oceania. However, this "protein" 
market is a highly competitive one. Some of the countries in 
this area produce their own soybeans, but most countries rely 
on imports to fill their soybean demand. Mainland China has 
been the traditional supplier of soybeans for food usage in 
this area of the vorld. 
U. S. soybeans have faced criticism in Asia and Oceania 
because of lov quality for use in soybean foods. u. s. 
soybeans for food use have been limited to those foods vhich 
can utilize broken or split soybeans, namely curd and sauce. 
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Table 10. Ten leading importers of u. s. soybeans during 19701 
Country 1O00 bushels2 
Japan 102,791 
Netherlands 57,381 
West Germany 52,980 
Canada "2,162 
Spain 38,691 
Italy 25,978 
Denmark 21,442 
Tai van 19,582 
Prance 13,223 
Belgium-Luxembourg 13,222 
---------------------------------------------------------------
•Source: Fats aod Oils Situation, November, 1971 (35). 
ZPreliminary reports. 
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Table 11. Ten leading importers of u. s. soybean meal during 
19701 
Country 1000 tonsz 
West Germany 994.4 
France 7 12. 1 
Netherlands 675.4 
Italy 330.8 
Belgium-Luxembourg 308.8 
Canada 242. 1 
Yugoslavia 186.8 
Hunqary 156.0 
1'1ex ico 116.3 
Poland 112.3 
---------------------------------------------------------------
1 Source: Pats and Oils Situation, Noveaber, 1971 (35). 
2Preliminary reports. 
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Table 12. Ten leadir.g importers of u. s. soybean oil during 
19701 
Country Million lbs.z 
India 284 
Pakistan 278 
Yugoslavia 271 
Iran 134 
Peru 111 
'1orocco 90 
Tunisia 76 
Chile SB 
Canada 50 
Israel 41 
---------------------------------------------------------------
1 Source: Fats and Oils Situation, November, 1971 (35). 
ZPreliminary reports. 
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The substantial increase in poultry meat, hogs, and egg 
production in Asia and Oceania has created a substantial nev 
demand for soybean meal for feed use. This demand is expect-
ed to increase in the future as faraers realize the advan-
tages of feedinq high-protein rations. As the countries in 
this region develop their own continuous solvent extraction 
plants, the United States and other soybean exporting nations 
can expect to export more soybean meal in the form of vhole 
soybeans (33). 
The European countries all have important livestock 
industries. Livestock producers in this area recognize the 
importance of feeding high-protein rations to their animals. 
Because of lov soybean production in this area and because of 
the competitive price of soybean meal as a protein source, 
soybeans and soybean meal are important import commodities in 
this region. 
Because of the high income elasticity of meat, soybean 
meal exports to this region are expected to increase as per 
capita disposable income increases. The form of u. s. 
soybean exports, whole beans or meal, will depend upon the 
number, size, and efficiency of solvent extraction plants 
being operated in this area. 
P. L. 480 has had a substantial impact on u. s. exports 
of soybean oil. Concessional exports of soybean oil have ex-
ceeded commercial exports of soybean oil in every year since 
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the program began. In 1967-68 concessional exports accounted 
for 87 per cent of all U. s. soybean oil exports (15). 
The Soybean Processing Industry 
As aentioned previously, the first soybeans processed 
for oil and meal vere processed at cottonseed oil mills. The 
first soybean processinq mills were developed in the World 
war I time period due to shortages of cottonseed in the South. 
By 1935 the amount of soybeans being processed for oil and 
meal exceeded 50 per cent of the total soybean supply. 
Soybean oil is a member of the semi-drying class of 
oils. The oil product of soybean processing, crude soybean 
oil, is yellow to dark brown in color. Crude soybean oil is 
refined for use in food and industrial products. The 
refining process involves deacidifying, bleaching, and 
deodorizinq the crude soybean oil. This hydrogenation 
process has increased the extent to which fats and oils can 
be substituted in food manufacturing. Bef ined soybean oil 
contains primarily oleic, linoleic, and un-saturated acids (26). 
The hydraulic-press metbod of soybean oil extraction was 
the first method used in processing soybeans. This process 
involved flaking and heating the soybean seed and then 
submittinq the "conditioned'' soybeans to a hydraulic pressing 
operation at elevated temperatures. 
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The hydraulic press was replaced in the 1930•s by the 
more efficient screw press method. The screw press method 
involves grinding and conditioning the soybeans before 
submitting them to a continuous pressing process at elevated 
temperatures. The screw press method utilizes a rotating 
vorm shaft to extract the oil from the soybeans. 
Durinq the 1948-49 processing season, the solvent method 
of extraction became the leading method of soybean oil 
extraction. Solvent extraction is a chemical process that 
involves washing or leaching the oil from flaked soybeans by 
the use of a hexane solvent (26). 
The solvent extraction type process lends itself to 
larqe economies of scale. This has resulted in the 
enlargement of individual processing plants. Although the 
number of soybeans crushed has increased tremendously since 
1950, the number of processing plants has decreased due to 
the economies of scale in solvent extraction. The solvent 
extraction process is more efficient than the screw press 
method in relationship to the amount of oil recovered per 
sixty-pound bushel (26). 
Soybean processing plants have usually be en located in 
areas of concentrated production. Illinois is the leading 
soybean state in the union and also has the largest soybean 
processinq crushing capacity. Iowa has the largest number of 
processing plants vith 16 in 1970 follo~ed by "ississippi and 
27 
Il linois with 15 and 12, respectively (35). 
ls suggested earlier, there are economies of scale in-
volved in large scale soybean solvent extraction operations. 
However, there are increasing costs involved in procuring 
soybeans over a wide geographical area. Theoretically, there 
exists a point where internal economies of scale are just 
off set by external diseconomies in soybean procurement and 
product sales. Tables 13 and 14 show that the economies of 
scale in production have been greater than the diseconomies 
in procureaent and product dispersion due to the decreasing 
number and increasing average size of processing plants. 
The soybean processing industry has been a highly com-
petitive industry in recent years. The amount of profit or 
loss accruing to an indi vidual processor is highly dependent 
opon processing or crushing margin. This margin is defined as 
the difference between the value of the soybean products, oil 
and meal, and the price the processor pays for his soybeans. 
An important factor influencing processing margin is the 
quantity and quality of products the processor obtains from 
his soybean inputs. Since soybean oil is more valuable per 
pound than soybean meal, processing soybeans with higher oil 
content will result in a larger crushing margin, ceteris 
paribus. In a later chapter ve hope to explain how oil and 
protein, as well as other quality factors, affect total value 
product and processing margins. 
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Table 13. Estimated number of soybean oil mills in u. s.1 2 
State 1951 1955 1961 1965 1970 
---------------------------------------------------------------
Illinois 31 31 19 16 12 
Iowa 30 26 22 19 16 
Indiana 10 10 5 5 5 
Ohio 14 8 7 5 4 
!issoari 9 6 4 3 3 
ftinnesota 1 8 8 7 7 
Kansas 6 3 ) 4 4 
Nebraska 3 3 3 3 3 
Arkansas 10 7 1 8 11 
IHssissippi 13 9 11 11 15 
Louisiana 3 3 1 2 4 
North Carolina 13 7 6 6 7 
South Carolina 7 3 5 7 7 
Virqinia 3 1 , 1 , 
ftaryland 1 1 1 
Delaware 1 1 1 1 1 
Georqia 6 2 3 2 5 
Florida 1 2 2 1 
Alabama 2 ) 3 ) 4 
Tennessee 6 3 7 1 8 
Kentucky 4 2 3 2 2 
Oklahoma 5 5 ) 4 2 
Texas 5 4 2 3 5 
California 4 5 4 4 3 
Total 193 152 131 125 130 
---------------------------------------------------------------
'Source: Pats and Oils Situation, June, 1970 ( 35) • 
2Estimates based 11a inly fro• 
directories. 
Census data and tI:"ade 
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Table 14. Estiaated number of mills and processing capacity• 
Year Huaber of millsz Capacity3 crush• Ratios 
mil. bu. mil. bu. " 
1951 193 310 244 79 
1952 174 (315) 234 74 
1953 159 (320) 218 68 
1954 162 (34 0) 241 71 
1955 152 (355) 282 79 
1956 145 370 3 1 Q 85 
1957 141 450 351 78 
1958 131 450 399 89 
1959 123 500 394 79 
1960 125 525 406 77 
1961 131 (535) 4 31 81 
1962 130 550 473 86 
1963 132 570 437 76 
1964 125 585 479 82 
1965 125 600 537 89 
1966 129 650 551 85 
1967 135 750 576 11 
1968 134 750 606 81 
19696 132 770 725 
---------------------------------------------------------------
isource: Pats and Oils Situation, June, 1970 (35). 
ZEstimates based mainly from Census data and trade 
directories. 
3Trade estimates. Data in brackets are USDA 
interpolations. 
•soybeans actually crushed. 
seatio of utilized capacity to total capacity. 
•Preliminary reports. 
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Soybean Utilization 
Soybeans are the "miracle crop of the 20th Century". 
The tremendous growth in production, world trade and process-
ing, outlined in previous sections, has been made possible by 
the vast and diversified usage made of soybeans and soybean 
products. Soybeans are used in the production of such things 
as candy and antibiotics, soap and textiles, sandwich spreads 
and muff ins. 
Soybean oil is used primarily in cooking oils and salad 
dressings. The rapid growth in popularity of unsaturated 
fats has accelerated soybean oil consuaption. soybean meal 
has been used primarily as a protein supplement in livestock 
feed. The introduction and development of soy protein for 
huaan consumption is probably the most dynamic use for 
soybeans at the present tiae. The urgent world demand for 
high-protein foods will probably increase the importance of 
soybeans as a high-protein human food. The reason for this 
is siaple. Soybeans can produce a large amount of protein 
per acre at a relatively low cost. Tables 15 and 16. 
The domestic disappearance of soybeans in the United 
States for 1969 vas 27.0 pounds per capita. This figure com-
pares with 4.7 pounds per capita for cottonseed oil and 2.0 
pounds per capita for corn oil. Coupled vith the domestic 
disappearance is the 428.7 million bushels ve exported (35). 
3, 
Table 15. Cost per pound for various protein sources• 
Source Protein cost per pound 
Beef (retail) 4.44 
Chicken (dressed} i. 50 
Wheat flour • 60 
Bulgar flour • 47 
Peanut meal (defatted) .43 
Dry skim •ilk • 40 
Wheat (whole) • 30 
Cottonseed flour • 17 
Fish meal (feed) • 14 
Soy flour (food) • 11 
---------------------------------------------------------------
t Source: !'!art in (24, p. 45). 
• 
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Table 16. Acre yield and protein yield for various 
coa111odities1 
Comaodity Yield per acre Protein per acre 
Soybean 24.2 bu. 508 
Other legumes 20.1 bu. 293 
Corn 64. 1 bu. 323 
Wheat 25.1 bu. 180 
i.ilk 2,780.0 lbs. 91 
Beef 342.0 lbs. 58 
---------------------------------------------------------------
•source: l!artin (24, p. 45). 
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A graphical presentation of soybean disposition and uti-
lization for 1969 is presented in figure 2. 
Soybean oil constituted over 50 per cent of all fat in-
qredients in shortening in 1968, almost 67 per cent of the 
ingredients in salad and cooking oils, and greater than 67 
per cent of all vegetable oils consumed. Table 17 shows 
soybean oil food utilization by products for various years 
since 1958. Table 18 shows soybean oil utilization for non-
food uses. Soybean oil food usage in 1969 accounted for vell 
over 90 per cent of total domestic soybean oil disappearance. 
Shortening accounted for the largest percentage of soybean 
oil usage for food in 1969, with 38 per cent of total edible 
usage going for shortening production. Margarine accounted 
for 37 per cent of food usage, and cooking and salad oils 
accounted for 24 per cent. 
An aggregate picture of u. s. soybean oil utilization is 
given in table 19. This table shows total soybean oil supply 
for 1970 to be 8,808 million pounds. Of this total supply, 
71 per cent was used for domestic purposes, 20 per cent for 
export or shipment to u. s. territories, and 9 per cent was 
carryover stock. 
An aggregate picture of u. s. soybean meal utilization 
is qiven in table 20. Total soybean meal supply in 1970 was 
18,172 tons. Seventy-three per cent of this total supply vas 
used for domestic purposes, while soybean meal exports 
accounted for one-fourth of the total u. s. supply. 
MFJ\L 
sroJ<S 
4035 
lth:)U. ton 
EXPORTS 
4102 
~u. ton 
S'ro:KS 
324 .1 mil.bu. 
]4 
'IOTAL 
SUPPLY 
PIDDUCTION 
tl.126.3 mil.bu. 
1450.4 mil.bu. 
FEED-SEED 
54. 6 mil.bu. 
MEAL Pro-
DUCTION 
17596 
itlnusand tons 
I 
CRJSHINGS 
737. 3 mil.bu . 
'IOTAL MEAL SUPPLY 
17753 thou. ton 
CARRYOVER 
137 thou. ton 
OOMESTIC 
!DISAPPEARANCE 
13514 
thou. ton 
CARRYOVER 
54 3 mil. lbs . 
CARRYOVER 
230.1 mil.bu . 
EXPORl'S 
.II. ?R 7 mi l hn _ 
OIL PR)-
DUCTION 
7904 mil.lb. 
'IO'mL OIL SUPPLY 
8319 mil. lbs. 
I IXM:sTIC DISAPPEARANCE 
6328 mil.lbs . 
OIL 
Srro::KS 
1419 
mil.lbs. 
EXPORI'S 
1448 
mil.lbs. 
I \ ..-----"-~ 
FQ)D 
5731 
mil.lbs. 
NCN-FQ)[ 
615 
mil.lbs. 
F1gure 2. D1spos1t1on of soybeans for 1969 
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Table 17. Soybean oil, food util iz at ion, by productst 
---------------------------------------------------------------
Short- Marga- Cooking & 
Yearz ening rine salad oil3 Other Total 
---------------------------------------------------------------
Million pounds 
1958 1136 1082 665 77 2960 
1959 1183 1114 680 23 3000 
1960 1097 1072 793 26 2989 
1961 1353 10 36 771 20 3180 
1962 1222 1069 933 15 3239 
1963 1391 1126 1146 21 3684 
1964 1404 1107 1100 32 3643 
1965 1739 1241 1200 38 4218 
1966 1691 1273 1353 58 4375 
1967 1816 1234 1494 44 4588 
1968 1978 1290 1967 36 5271 
1969• 2240 1416 2163 31 5856 
---------------------------------------------------------------
'Source: Pats and Oils situation, November, 1970 (3 5) • 
ZYear beginning October 1. 
3Adjusted for exports of refined and further processed 
salad oil. Prior to 1965 no adjustment vas made for exports 
of undeodorized hydrogenated oil. 
•Preliminary reports. 
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Table 18. Soybean oil: non-food utilization, by productst 
---------------------------------------------------------------
Paint Plastic Other Linoleum Other Foots Total 
and and drying and non- and non-
Yearz resin resin oil oilcloth food losses food 
---------------------------------------------------------------
Million pounds 
1949 112 - - 30 97 78 317 
1950 91 62 11 1 50 87 308 
1951 109 68 1 1 19 60 97 364 
1952 155 61 9 12 42 106 386 
1953 138 56 7 7 32 84 324 
1954 138 71 11 2 15 107 344 
1955 115 71 9 3 39 107 344 
1956 117 12 9 1 31 107 337 
1957 103 54 9 - 28 132 325 
1958 102 66 6 - 37 133 343 
1959 101 74 4 - 48 147 375 
1960 96 64 4 1 36 139 3 40 
1961 88 74 4 - 43 151 359 
1962 90 78 6 - 48 16 3 385 
1963 97 84 6 - 42 146 374 
1964 94 105 5 - 57 16 5 426 
1965 100 104 6 - 53 206 469 
1966 96 97 7 - 61 20 1 462 
1967 86 97 7 - 59 259 508 
1968 87 94 7 - 61 236 485 
19691 87 79 7 - 56 243 472 
---------------------------------------------------------------
'Source: Fats and Oils Situation, November, 1970 (35). 
ZYear beginning October 1. 
3Preliainary reports. 
37 
Table 19. u. s. soybean oil utilization1 
---------------------------------------------------------------
Total Domestic 
Yearz Prod,n Stocks supply Exports3 disappearance 
---------------------------------------------------------------
PHllion pounds 
1950 2,454 113 2,567 490 1,906 
1951 2,444 171 2,615 271 2,150 
1952 2,536 194 2, 7 30 93 2,462 
1953 2,350 174 2,525 71 2,326 
1954 2,711 127 2,838 50 2,609 
1955 3,143 179 3,322 556 2,539 
1956 3,431 221 3,658 807 2,565 
1957 3,800 286 4,085 804 3,051 
1958 4,251 281 4,532 930 3,304 
1959 4,338 298 4,636 953 J,376 
1960 4,420 308 4, 728 721 3,329 
1961 4,790 677 5,476 1,308 3,540 
1962 5,091 618 5,709 1, 165 3,624 
1963 4,822 920 5,742 1,106 4,058 
1964 5,146 578 5, 724 1, 357 4,069 
1965 5,800 297 6,097 948 4,687 
1966 6,076 462 6,538 1, 105 4,837 
1967 6,032 596 6,628 993 5,096 
1968 6,531 540 7,071 899 5,756 
1969 7,904 415 8,319 1,448 6,328 
1970• 8,265 543 8,808 1, 782 6,253 
19719 7,825 773 8,600 1, 250 6,450 
---------------------------------------------------------------
isource: l"ats and Oils Situation, February, 1972 (35). 
ZYear beginning October 1. 
3Includes shipaents to U.S. territories. 
•Preliminary reports. 
5Porecast. 
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Table 20. a. s. soybean meal utilization1 
Year2 
Total 
Prod•n Iaports Stocks3 supply 
Domestic 
Exports• disappearance 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
19705 
19716 
5,897 
5,704 
5,551 
5,051 
5,705 
6,546 
7,510 
8,284 
9,490 
9,152 
9,452 
10,342 
11,127 
10,609 
11,286 
12,901 
13,483 
13,660 
14, 581 
17, 596 
18,035 
17, 150 
33 
24 
41 
16 
1 
1,000 tons 
35 
36 
52 
51 
62 
37 
1 1 1 
55 
48 
58 
83 
78 
94 
159 
12 2 
106 
132 
138 
145 
157 
137 
146 
5,965 
5,764 
5,644 
5,124 
5,767 
6,583 
7,621 
8,340 
9,538 
9,210 
9,535 
10,420 
11,221 
10,769 
11,408 
13,007 
13,615 
13,798 
14,726 
17, 753 
18,172 
17,300 
181 
42 
47 
67 
272 
400 
443 
300 
512 
649 
590 
1,064 
1,476 
1,478 
2,059 
2, 656 
2, 706 
2,959 
3,100 
4,102 
4,620 
3,960 
5,748 
5,670 
5,540 
4,995 
5,458 
6,072 
7, 123 
7,992 
8,968 
8,479 
8,867 
9,262 
9,58 6 
9, 168 
9,243 
10,219 
10,772 
10,693 
11,469 
13,514 
13,406 
13, 200 
---------------------------------------------------------------
1source: Fats and Oils Situation, February, 1972 (35). 
2Year beqinninq October 1. 
3Stocks at processors plants, October 1. 
•Includes shipments to u. s. territories. 
spreliminary reports. 
•Forecast:. 
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QUALITY IN THE MARKETING OF GRAIN 
History 
The development of grades and standards has paralleled 
the development of industrialization and communication. The 
need for grades and standards in a simple barter economy is 
not as great as in an industrial society. Early attempts to 
establish grades in the u. s. brought about as much confusion 
and abuse as the initiators had hoped to eliminate. Trade 
groups, dealers, and government all established their own 
qrades and standards. confusion between and among grades 
reached a peak in the early 1900•s. In 1906 there were no 
less than 308 grading names or titles being used in grain 
qrading alone (21). The existence of this type of grading 
system failed to bring about a simplified common language for 
buyers and sellers. Progress toward a systemized nomen-
clature was achieved only after intervention by the federal 
government. Passage of the Cotton Futures Act in 1914 and 
the Grain Standards Act of 1916 laid the ground work for 
present day grading and standardization. 
The history of the establishment of grades and standards 
is indeed interesting. The efficiency we enjoy today in our 
marketinq system owes much to their establishment. The 
establishment of grades and standards must not, however, 
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result in a complacent attitude tovard their existence. If 
ve are to a void the rule of "caveat emptor", ve must cont inu-
ousl y appraise and evaluate grading schemes and standards. 
Advantages of Grading and Standardization 
Before proceeding further, it is imperative that ve 
define terms as they are to be use d in this research. ~li­
~1 .fl~tor§ are those attributes or characteristics of the 
commodity which influence the market price of that commodity. 
~~nd~ are yardsticks of measure•ent. They refer to the 
criteria used as a test of quality. A gEading sc!~!~ is a 
set of quality criteria defining a mutually exclusive and 
exhaustive set of categories referred to as grades. Gra~ing 
refers to the placement of products or comaodities into the 
categories established by the grading scheme. 
Gradinq and standardization in agricultural commodities 
is necessitated by the existence of a wide range of quality 
characteristics in biologically produced products. The de-
velop•ent of standards and the placement of products into 
grades in many situations is advantageous to the marketing of 
an unqraded or unsorted product. The following is a list of 
some of the advantages that accrue when the grading function 
is properly performed (8,21,25,30,34). 
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(1) Grading makes possible more meaningful price 
quotations. Buyers and sellers in distant markets 
can trade more easily, permitting bargaining over 
price relative to supply and demand rather than 
quality conditions. 
(2) Since everyone is talking the same language, market 
information and market nevs reports are more 
meaningful. 
(3) Grading enables the market to be more perfect with 
respect to time and distance. 
(4) Grading makes meaningful the sale of goods for 
future delivery. 
(5) Once the product has been graded, it enables the 
handler of the product to "pool" products of like 
quality or grades. 
(6) Grading reduces the risk of fraudulent practices. 
(7) Grading facilitates the settlement of claias. 
(8) Grading facilitates financing. Loans are easier to 
obtain if product quality is known. 
(9) GLading enables the producer and buyer to know the 
relative worth of the product. 
(10) Gradinq enatles buyers to obtain goods or 
commodities to meet their particular needs or re-
quirements. 
(11) Grading may enable the processor to specialize in 
production. 
(12) Gradinq may increase the quality of the product 
placed on the market. 
(13) Grading results in greater uniformity of products 
vithin each grade. 
(14) Grading may, at least in the short-run, increase 
the demand for certain qualities or products. 
(15) Gradinq should result in higher profits for 
producers. 
. 
(16) Grading helps to increase the size of the market 
area. This brings a larger number of buyers and 
sellers into the market, thus encouraging a more ef-
f icient movement of goods to ultimate outlets. 
(17) Gradinq reduces marketing costs. 
(18) Grading, vith a large number of buyers and sellers 
in the market, enables small producers to compete 
vith large Eroducers. 
(19) Grading reduces the expense of competitive brand 
advertisinq and high-pressure salesmanship. 
(20) Grading may reduce the chance of spoilage, espe-
cially in highly perishable products, since products 
which deteriorate quickly can be sorted out and 
utilized more rapidly. 
(21) Grading may reduce relative transportation costs, 
since higher quality products can be shipped to 
distant markets and lower quality products can be 
utilized closer to the point of production. 
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(22) Grading may reduce the middleman's risk in handling 
the product. 
This extensive list gives unimpaired coverage to the ad-
vantages of qrading, all of which are important, man.y of 
which are often overlooked. In summary, grading develops a 
common language in the market whereby both buyers and sellers 
knov the relative value and quality of each product and each 
grade. It should be noted- that the advantages outlined above 
are dependent upon a competent and efficient qrad~ng scheme 
and that grading, no matter how efficient, may not ensure 
tbat each individual advantage will be achieved for every 
product we wish to qrade. 
· ar~ding Criteria ·and Objectives 
I 1 l , 
~ . 
The basic problem in assigning grades arises from the 
fact that agricultural products vary over a large range of 
quality, while at the other end of the marketing channel 
these products or qualities face ~et~rogeneous demand f unc-
tions. The objective of grading is to arrange the wide range 
of quality characteristics into homogeneous lots that meet 
the needs and demands of processors and final consumers. 
Kohls (21) established two primary objectives of 
qrading. The first objective states that a grading system 
should differentiate the products in such a vay that each 
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consume r pays as much as he is willing to pay for the partic-
ular commodity. Or simply, that consumer surplus is 
miniaized. The second objective states that the grading 
system should move as large a quantity as possible into 
consumption and obtain the greatest total price possible for 
that quantity. These two objectives simply state that a 
grading system should be established in such a way that the 
consumer gets vhat he wants and that total revenue to the 
producer is maximized. 
It is possible that one of the primary deficiencies of 
the presen t day syst ems is that consumers• wants are not ade-
gua tely translated back to the producer. The problem associ-
ated vith oil and meal content in soybean grading is a pri-
mary example. Similarly, standards for other grains do not 
take into account the total digestible nu t rients or the pro-
tein content of these grains. 
One of the major reasons vhy standards have not been 
adopted to "measure" these important quality characteristics 
is that adequate objective means of aeasurement have not been 
de velo ped. The development of such "tests'' vould enhance the 
relationship between the price of the product and the grade 
given that product. This relationship is necessary for effi-
cient and meaningful marketing. 
The fact that no two consumers• wants are identical 
should be kept in mind. This concept woul d imply that an 
infinite number of grades for each product should exist so 
that every consumer could voice his opinion on product quali-
ty. However, the development of an infinite number of grades 
would destroy the very purpose for which they vere developed. 
On the other end of the spectrum, there should be enough 
grades so that the differences in grade qualities and the 
tolerance for certain defects are not so large as to 
discredit the qrade designation. 
Where should the boundaries between grades be set? Row 
many grades should there be? According to Kohls, there 
should be "enough of the normal production falling in each 
grade to make it a meaningful market category (21) ." Given a 
continuous, normal distribution of prod uct quality, it is 
apparent that grade boundaries will tend to be "zones" rather 
than precise lines. It may be very difficult to determine 
between high grade "B" and lov grade "A"· It is this area or 
zone of indecision that presents proble•s in grade determina-
tion. If objective tests are used, the area of indecision 
should be reduced. Changes in environmental and production 
variables ~ay result in an adjusted frequency distribution 
vithin the assigned grades. Likewise, if we were to change 
the specifications for each grade, there would follow a 
change in the proportion of the products placed in each 
grade. According to Erdman, the boundaries for each grade 
should be placed where they will be "dependent upon the 
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degree to which the various users vill pay premiums for cer-
tain qualities rather than substitute adjacent qualities 
vi thin the range available" ( 11) • 
The idea that producer's profits should be maxim ized 
with regard to boundary classifications is illustrated by the 
following example. First assume a product with the following 
characteristics: 
Grade A 
Grade B 
Grade c 
!_of_1&1 
25 
so 
25 
$3.00 
2.50 
2.00 
$ 75.00 
125 . 00 
50 . 00 
$250.00 
Let us nov redefine the boundaries for the top two 
qrades to obtain the following: 
Grade A 
Grade B 
Grade c 
l_of_12t 
20 
55 
25 
Pr ice i!LJ!arket _!!et.YI!L.!.2_.Erod U~f 
$3.50 s 70.00 
2.50 137.50 
2.00 so.oo 
$257.50 
This change in boundaries will have two effects on 
market price and demand. First, the demand for both Grade A 
and B should be increased since the quality of each grade has 
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been increased. Secondly, the difference in quality should 
result in a higher price for A since the quantity has been 
reduced, and in a lover price for B since the quantity has 
been increased. 
Taking each grade separately, it is apparent that the 
price of A in the second case will be greater since demand is 
increased and quantity supplied is decreased. The price of B 
will have increased due to the increase in demand, but will 
have decreased due to the increase in quantity supplied. The 
extent to which these prices vary will depend upon the 
elasticity of demand and cross-elasticity of demand for each 
grade for the particular time period in question. 
In this example the elasticity and cross-elasticity of 
demand vere such that total revenue to producers was in-
creased by changing the boundaries of the grades. 
Unfortunately, the problem is not as easy as presented 
here. ls mentioned earlier, the ranqe in product quality 
varies from year to year. In addition, demand elasticity is 
not constant over tiae. 
In th~ above example ve assumed that an increase in 
quality resulted in an increase in demand. As vas stated 
earlier in the list of the advantages of grading, this situa-
tion does not alvays exist. As Kohls has stated: 
4A 
The purpose of gradinq is not to assure the 
marketing of only top quality products. Those who 
conceive a grading system as a vehicle for the 
elimination of variation in quality are ignoring 
the vide range of consumer preferences and uses 
which exist ( 2) • 
Also to be noted is the fact that producers face 
diminishing returns to scale with respect to quality produc-
tion. The extra return from producing a high-quality product 
may not cover the additional cost. In developing the quality 
of the products to be placed on the market, the production of 
each qrade should be at the point where the expected price in 
the market equals the marginal cost of production. 
Another major question in grading is, "Where should the 
product be graded?" This problem is made more complex by the 
fact that most agricultural products are perishable. Darrah 
described the place where grading should take place very 
accurately. 
Grade determination, to be meaningful must be 
performed at a point in the market system where a 
minimum of change occurs in the product prior to 
the time of purchase by the final customer yet far 
enough back in the system to reflect to the 
producer the full value of his output (8). 
This usually implies that grading should be done vhen the 
farmer first sells his product, thus telling him immediately 
what consumers desire. If the product undergoes 
deterioration in the marketing process, it may be necessary 
to grade the product again to assure an accurate grade to the 
consuaer. 
A not-to-be-overlooked problem in grading is whether or 
not the grading system is workable. The easiest and perhaps 
even the best test for workability of a grading system is its 
acceptability and use by the marketing interests concerned. 
lll of the preceding considerations for an efficient grading 
system have been for naught if the grading system is 
unworkable. 
It should be noted here that the cost of grading and 
standardization is a diminishing returns concept. No grading 
syste• should be adopted in which the cost of grading exceeds 
the benefits to consumers, producers, and processors. 
50 
SOYBEAN GRAUING AND PRICIN G 
Early att e mpts at establishing official grades and s tan-
dards for soybeans vere manifested by the America n Soybean 
Association. The dema nds of the America n Soy bean Association 
ver e met in 1q24 vh e n the Bureau of Agricultural Eco nomics 
issued tentative standards for soybeans. J. E. Barr has 
qiven a complete background concerning the development a nd 
oriqin of the original standards (3). It is interesting t o 
note that the quality facto rs included in the 1925 standards 
are the same factors recognized in 1972. This fact is some-
what frightening when one c onsiders the un certai nty that de-
veloped concerning which quality factors to include in the 
original soybean standards . This uncertainty is exemplified 
in Barr's sta temen t: 
••• at first manufac turers, themselves, were in 
doubt regarding what s eemed to be important quality 
factors. During the past tvo year s some of these 
factors have been eliminated as irrelevant and the 
relative importance of others has declined in the 
minds of those in close touch with the industry. 
Table 21 gives a listing of the soybean grades and grade 
requirements from 1925 to the present time. 
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Table 21. Official quality standards for soybeans 1 
-12~~ 
No. 1 
lbs. ,; 
0.5 
2. 0 
5. 0 
No. 2 
No. 3 
No. 4 
58 
57 
56 
54 
15 
16 
17 
16 
1. 0 
10.0 
20.0 
30.0 
2.0 
3.0 
5.0 
8.0 10.0 
Sample qradez 
J.226 
Extra No. 1 
No. 1 
No. 2 
No. 3 
0.5 
, • 0 
0 . 2 
0.5 
2. 0 
5. 0 
No. 4 
56 
56 
54 
52 
50 
15 
15 
16 
17 
18 
10.0 
20.0 
30.0 
1. 0 
2.0 
3.0 
5.0 
8.0 10.0 
Sample qrade 
1.2~1! 
No. 1 
No. 2 
No. 3 
No. 4 
Sample grade 
1.2~.2 
No. 1 
No. 2 
No. 3 
No. 4 
Sample qrade 
1..21~ 
No. 1 
No. 2 
No. 3 
No. 4 
Sample qrade 
56 
54 
52 
49 
56 
54 
52 
49 
56 
54 
52 
49 
1 3 
14 
16 
18 
1 3 
1 4 
16 
18 
13 
14 
16 
18 
10.0 
15.0 
20.0 
30.0 
10.0 
20.0 
30.0 
40.0 
10.0 
20.0 
30 . 0 
40.0 
2 . 0 
3.0 
5.0 
8.0 
2.0 
3.0 
5 .0 
8 . 0 
2.0 
3.0 
5.0 
8.0 
1.0 
2. 0 
3.0 
5.0 
2. 0 
3.0 
4.0 
6.0 
1. 0 
2. 0 
3. 0 
5.0 
---------------------------------------------------------------
lSource: USDA, BAE (40). USD A, PMA (38). USDA, Cl1S 
(39) • 
2 Sample grade soybeans are soybeans which do not meet 
the requirements for any of the grades u. s. number one to 
four, inclusive. 
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Although factors inc luded in the g rade designations have 
not changed since 1925, the grade boundaries, the inclusions 
of special grades, and the treatment of dockage have changed. 
A "special'' grade was introduced into the 1926 standards. 
This "Extra No. 1" qrade classification has since been 
dropped from the soybean standards. It is interesting to 
note, that except for 1926, the soybean standards have always 
consisted of four numerical grades (1 through 4) and sample 
grade. 
The grade factors--test weight, moisture, splits, and 
foreiqn material--have undergone changes in grade boundaries. 
Test weight per bushel was originally promulgated with a 
ranqe of 58 to 54 pounds per bushel for No. 1 to No. 4 
soybeans. This range was changed in 1948 to 56 to 49 pounds 
per bushel and has remained at that level since. The maximum 
moisture limit for U. s. No. 4 Soybeans has been 18 per cent 
since 1925, however, the maximum limit for No. 1 soybeans has 
dropped from 15 per cent moisture to 13 per cent moisture. 
The maximum splits limit for a. s. No. 1 soybeans has 
undergone the most drastic change. In 1925, No. 1 soybeans 
could have no more than one per cent splits, this boundary 
for No. 1 was changed to 10 per cent in 1948 and bas remained 
at that level. The amount of foreign material allowed in 
each qrade bas undergone the most changes. Grade boundaries 
for foreign material have changed three times since their 
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oriqinal promu1gation. The present standards allov a maximum 
of one per cent foreign material in u. s. No . 1 soybeans. 
Table 21 fails to point out the fact that prior to 1949 for-
eiqn material or dockage greater than one per cent was always 
neglected. In the early standards, foreign material less 
than or equal to one per cent was called "dockage" and for-
eign material greater than one per cent was called "foreign 
material". The 1949 revisions combined these two factors 
into a common factor, "foreign material". 
Soybean Grading and Grade Factors 
For qradinq and standardization purposes, soybeans 
••• shall be any grain which consists of 50 per cent 
or more of whole or broken soybeans which will not 
pass readily through an 8/64 sieve and not more 
than 10 per c ent of other grains for which stan-
dards have been established under the United States 
Grain Standards Act (37, p. 5-6). 
Soybeans are divided into five different classes: 
yellow, green, brown, black, and mixed soybeans. Each of the 
five classes has four numerical g rades plus sample grade. In 
addition, there are two special grades, garlicky soybeans and 
veevily soybeans. In order for a lot of soybeans to be 
qraded garlicky, the lot must contain five or more garlic 
bublets in 1,000 grams of the sample. Soybeans which are 
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graded veevily, are soybeans which are infested with live 
weevils or any other insect that is injurious to stored 
soybeans. 
The basic qrading factors for soybeans are test weight, 
splits, moisture, foreign material, total damaged kernels, 
heat damaged kernels and black, brovn, and/or bicolored 
soybeans in yellov or green soybeans. Test weight per bushel 
for soybeans is recorded in terms of whole and half poun d s. 
All other factors are in percentage terms where percen t age 
refers to per cent of total weight (37) • 
Each determination of class, splits, damaged 
kernels, and heat-damaged kernels, and of black, 
brown, and/or bicolored soybeans in yellow or green 
soybeans, shall be upon the basis of the grain when 
free from foreign material. All other determina-
tions shall be upon the basis of the grain as a 
whole (37, p. 182). 
When determination of the various factors has been com-
plated, a grade is assigned according to the lowest grade 
permitted by any one of the sample's measured grading 
factors. There are, however, exceptions to this rule. sour, 
musty, or heating soybeans are graded sample grad e. Like -
vise, soybeans with any "commercially ob j ectionable foreign 
odor" are graded sa•ple grade. Soybeans that contain seven 
or more stones vith veight in excess of 0.2 per cent are 
graded sample grade. sample grade is also assigned to lots 
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of soybeans which are otherwise of "distinctly low quality." 
This term refers to such things as large stones, rodent 
excreta, castor beans, etc. "Materially vea tbered" soybeans 
cannot be graded higher than u. s. No. 4. Soybeans which 
contain greater than tvo per cent purple mottled soybeans 
shall not be graded higher than u. s. No. 3 (37). 
The determination of the "true" soybean grade is depen-
dent upon the taking of a representative sample of soybeans. 
Test weight per bushel is basically a measure of seed 
density. When the original standards were developed, test 
weight was not considered to be an important factor in 
soybean quality. For this reason grade boundaries were set 
in such a fashion to avoid down-grading a majority of the 
crop (3). Despite this original thinking, it is still 
mandatory that test weight be recorded on the grade 
certificate whether or not it deteraines the final grade 
(37) • 
The moisture content of every sample of soybeans for 
carqo shipment must be included on the grade certificate. 
"oisture content in excess of 13 per cent must be placed on 
the certificate for all non-cargo shipments of soybeans (37). 
When moisture content of soybeans is greater than 13 per 
cent, storage becomes a problem. 
Splits, as a grading factor in grains, is unique to 
soybeans. Splits are defined as pieces of soybeans with more 
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than 1/4 broken off. Splits are recorded on the grade 
certificate in terms of whole per cents (35). The original 
reason for including splits in the soybean standards vas be-
cause splits "can be prevented by the exercise of reasonable 
care in threshinq (3)." 
Damage in soybeans is extremely heterogeneous. The 
present gradinq standards for soybeans aggregate all types of 
damage into two general classifications, heat damaged kernels 
and total damaqed kernels. The 1971 Qrain 1n2Ee£!!2n ~~~ual 
defines damaged kernels as: 
••• soybeans and pieces of soybeans which are heat 
damaged, sprouted, frosted, badly ground damaged, 
badly weather damaged, moldy, diseased, stink-bug 
stung, or other vise materially damaged (37). 
Damage differs not only in the nature of damage but also 
in the extent of damage. The determination of damage in 
soybeans involves more subjective measurement than any other 
soybean gradinq factor. 
Foreign material is defined as: 
All matter, including soybeans and pieces of 
soybeans, which will pass through an 8/64 inch 
sieve and all other matter other than soybeans 
remaining on such sieve after sieving (37, p. 
, 88) • 
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QUALITY CHARACTERISTIC DISTRIBUTIONS 
Numerical Grade Distribution 
The present section deals vith the development of dis-
tributions for various soybean quality characteristics. Of 
the 199 samples we collected during the 1971 fall harvest 
season, 122 vere graded number one. There were 56 number two 
samples, 16 number three's, three number four's, and two 
samples vhich qraded sample grade. Table 22 depicts the per-
centage of total samples falling into each grade classifica-
tion for various years and from various sources. This par-
ticular table shows that Iowa as a whole has a larger per-
cen taqe of soybeans falling into numerical grades one and two 
than does the Onited States as a whole. In 1971, for in-
stance, 78.3 per cent of inspected receipts from Iowa graded 
number one or number tvo. This compares with 50.6 per cent 
of total u. s. inspected receipts. 
An interesting aspect of table 22 involves the variation 
in numerical qrade distributions among different crop years. 
In 1968 only 25.5 per cent of inspected receipts in Iova 
qraded number one, while in 1967 the top soybean grade 
accounted for 55.0 per cent of inspected receipts. 
Unfortunately, ve cannot tell by the numerical grade which 
factor or factors were responsible for the smaller percentage 
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of nu•ber one soybeans in 1968. The nu•erical g rade tell s us 
only what the grade was and not vhat factors vere involved in 
establishing the particular grade. 
The comparison of numerical grade distributions between 
fall harvest samples and processors and terminal elevator 
certificates is quite interesting. It should be noted here 
that the processors and terminal elevator data originated 
from the same sample area as the harvest samples. The proc-
essors and terminal elevator data was collected approximately 
four months following harvest and consisted of only 1971 
harvest samples. The comparison between these tvo sources of 
grade information should reflect the changes in numerical 
qrade and quality factor levels due to handling, storage, 
transportation, and blending. The processor and terminal 
elevator data showed 92.8 per cent of inspected receipts fell 
into grades number one and tvo compared with 89.4 per cent 
for the fall harvest samples. However, 61.3 per cent of the 
harvest samples graded number one, and only 36.3 per cent of 
the processor and terminal elevator receipts achieved that 
grade. 
Table 22. Numerical grade distributions 
---------------------------------------------------------------
No. 1 No.2 No.3 No.4 sample 
---------------------------------------------------------------
Per cent 
Harvest samples• 61.3 28.1 8.0 1. 5 1. 0 
Iova-19712 38.4 39.9 12.8 5.3 3.7 
Iova-1970 45.5 38.0 11. 5 2.5 2.5 
Iowa-1969 38.0 40.0 17. 0 3.0 2.0 
Iova-1968 25.5 52.0 16.5 3.5 2.5 
Iova-1967 55.0 32.0 8.0 3.5 1. 5 
u.s.-1971 12.6 38.0 30.7 11.4 7.2 
u.s.-1970 22.6 31.6 24.4 10.0 5.4 
u.s.-1969 22.3 44.0 23.2 6.9 J. 6 
u.s.-1968 17.8 46.9 22.2 8.6 4.5 
u.s.-1967 29.9 41.8 19. , 6.8 2.4 
Processors & ter11inal3 36.3 56.5 3.2 4.0 0.0 
Export-1971• 0.2 85.4 10. 0 4.2 0. 1 
Export-1970 0.2 88.3 8.5 3.0 0.0 
---------------------------------------------------------------
tHarvest samples refer to the 199 producer delivered 
samples collected during the 1971 soybean harvest at 12 
country elevators in North-Central Iowa. 
2rowa and o. s. figures refer to inspected receipts tvo 
months following harvest. Source: Grain Crop Quality (36). 
3Qfficial certificates collected from processors and a 
terminal elevator in central Iowa. 
•Inspections for export soybeans. 1971 = September 1970 
to August 1971. 1970 = September 1969 to August 1970. 
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Moisture Distribution 
8oisture content in the fall harvest samples ranged from 
8 .7 per cent to 16.8 per cent while attaining an average 
moisture content of 11.42 per cent. The normal soybean 
discount schedule discounts soybeans which are greater than 
13 per cent moisture. Twenty-two harvest samples exceeded 
the 13 per cent moisture level. Table 23 shows the moisture 
distribution for the harvest samples as well as for the u. s. 
as a whole and for the processor and terminal elevator 
certificates. using the grade boundaries for moisture 
outlined earlier, we see that 177, or 88.9 per cent, of the 
fall harvest samples meet the requirements for number one 
soybeans; 17, or 8.5 per cent, meet the requirements for num-
ber two s o ybeans; four samples, or 2.0 per cent, meet the 
requirements for number three soybeans; and one sample f e ll 
into the number four numerical grade classification. One 
hundred and twenty-two of the 124 inspected receipts from 
processors and the terminal elevator graded number one on 
moisture content. The remaining two inspected receipts 
qraded number two. This implies that since only two 
inspected receipts from processors and the terminal elevator 
exceeded 13 per cent moisture, only two of the 124 samples of 
soybeans vere discounted because of moisture content. 
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Table 23. ~oisture distributions 
Per cent 
Harvest 
samplesi 19712 1970 1969 P.&T.3 
---------------------------------------------------------------
10.0 and under 17 4,452 2,198 876 2 
10.1-12.0 143 31,514 37,464 28,716 90 
12.1-11.0 17 31,990 3 1, 2 20 48,960 30 
13.1-13.5 9 14,294 13, 0 76 19,212 2 
13.6-14.0 8 17,108 12,652 18,144 
14.1-14.5 1 11,788 7,462 9,744 
14. 6-15. 0 1 10,234 7,532 8,016 
15.1-15.5 1 6,482 4, 7 32 3,900 
15.6-16.0 1 5,684 4,788 2,796 
16. 1-16.5 2,646 2,436 900 
16.6-17.5 1 2,266 2,072 840 
17.6-18.0 966 966 336 
18. 1-20.0 686 980 276 
20.1 and over 840 1, 0 36 192 
------- ------- -------
Total 199 140,952 128,814 142,908 124 
---------------------------------------------------------------
11971 producer delivered harvest samples from central 
Iowa. 
zu. s. figures refer to inspected receipts two months 
fol loving harvest. Source: Grain Crop Quality (36) • 
3Qfficial certificates collected from processors and a 
terminal elevator in central Iowa. 
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A somewhat different picture is exhibited in table 24. 
Although a larqer percentage of samples fell into the number 
one grade classification for the processor and terminal 
elevator certificates vhen compared to harvest samples, this 
particular table shows that the harvest samples were, on the 
average, lover in moisture content than were the processor 
and terminal elevator samples, 11.425 per cent versus 11.593 
per cent. 
The differences that existed in the percentage of each 
source of data falling into the numerical grade classifica-
tions is explained by the differences in dispersion for the 
two sources of data. Using variance, standard deviation, and 
ranqe as measures of dispersion, it is quite evident that the 
producer delivered samples exhibited larger dispersion than 
did the inspected receipts from processors and the terminal 
elevator. That is, a larger percentage of individual sample 
moisture readings were closer to the mean moisture reading 
for the processors and terminal elevator data than for the 
producer delivered harvest samples. 
It should be noted that although the producer delivered 
samples were sliqhtly lover in moisture content than were the 
inspected receipts from the processors and terminal elevator, 
the difference was not statistically significant. In fact, a 
test of the hypothesis that there is no difference between 
the tvo sample means requires accepting the hypothesis that 
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the two means are in fact the same at the 95 per cent 
confidence level. Considering that there is no statistical 
difference in mean moisture levels for the samples that vere 
Producer delivered at country elevators and for the 
processors and terminal elevator receipts from the same area 
four months following harvest, it seems safe to assume that 
moisture content does not change substantially during stor-
age, handling, and transportation. The redaction in varia-
tion or dispersion of moisture content levels in these 
samples implies that blending and pooling of the soybeans at 
the country elevator level tends to reduce the amount of var-
iatio n in soybean moisture content as soybeans are moved 
through the marketing channel. 
Furt her examination of table 24 reveals that on the av-
erage, the moisture content of the 1971 harvest sample 
soybeans was lower than the 1971 moisture content of 
inspected receipts for the u. s. as a whole. This difference 
was found to be statistically significant at the 99 per cent 
confidence level. 
An e~amination of total u. s. inspected receipts for 
moisture content distribution reveals that in 1971 , 55 per 
cent of the inspected receipts bad moisture content that met 
the requirements for number one soybeans. The remaining 45 
per cent were distributed into the lever grades with 26.1 per 
cent falling into the number two classification, 17.1 per 
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cent into the nuaber three classific ation, l. 5 per c ent into 
number four, and 0.3 per cent sample grade. Recalling that 
the maximum limits for number one soybeans is 13 per cent 
moisture, and that soybeans in excess of 13 per cent moisture 
are discounted, it follows that 45 per cent of the o. s. 
inspected receipts in 1971 were subject to moisture 
discounts. 
The differences between mean moisture content for the 
various years should also be noted. For the five years re-
corded in table 24, average moisture content for inspected 
receipts for the entire u. s. ranged from 12.28 per cent t o 
13.25 per cent. 
Using the chi-square test for goodness of fit for the 
producer delivered harvest samples, it was determined that 
the distribution of moisture did not approximate the normal 
distribution. The actual results and computations involved 
in this test can be found in Appendix c. 
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Table 24. Moisture content, statistical measures' 
-No. y s Range c 
Harvest samples 199 11.425 1.541 1. 241 8.10 10.864 
Processors and 
terminal elevator 124 11.593 0.576 0.759 3.60 6.547 
1971-u.s.z 135,660 13.250 2.770 1.660 12.564 
1970-u.s. 125,580 13.010 3.000 , • 730 13.305 
1969-u.s. 141,840 12. 970 1. 820 1. 350 10.414 
1968-U. S. 108.13 2 12.780 2. 050 1.430 11.203 
1967-U. S. 118, 140 12. 280 1.770 1.330 10.834 
---------------------------------------------------------------
tFor a description of the statistical measures used in 
this table and in other segments of the thesis, see 
Huntsberger (16, chapter 2). 
zu. s. figures refer to inspected receipts two months 
following harvest. Source: Grain Crop Quality (36). 
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Foreign Material Distribution 
Foreign material content in the fall harvest samples 
ranqed from O.O per cent to 8.5 per cent while attaining an 
average foreign material content of 0.786 per cent. Table 25 
shows the distribution of foreign material for the various 
sources of data. 
According to processor scale discounts, all foreign ma-
terial in excess of one per cent is deducted from gross 
veiqht and not paid for. Thirty-eight, or 19.1 per cent, of 
the 199 producer delivered harvest samples were subject to 
veiqht discounts because of excess foreign material. This 
fiqur9 compares vith 39.5 per cent for the processors and 
terminal elevator samples. 1971 inspected receipts for the 
o. s. as a whole shoved 54.9 per cent of the samples subject 
to dockaqe because of foreign material. 
The foreign material distribution depicted in table 25 
implies that 80.9 per cent of the 1971 fall harvest samples 
fell into the number one numerical grade classification, 13.6 
per cent fell into the number tvo classification, 3.5 per 
cent into the number three classification and 1.0 per cent 
for both number four and sample grade classifications. The 
inspected receipts from the processors and the terminal 
elevator had 60.5 per cent, 33.1 per cent, 3.2 per cent and 
3.2 per cent of the total samples falling into the numerical 
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grades one, two, three and four, respectively. Although 
these two sources of data had about the same percentage of 
samples falling into the three lower grades, the producer 
delivered samples bad over 20 per cent more samples falling 
into the nuaber one classification. Inspected receipts for 
the o. s. in 1971 had even a smaller percentage of samples 
qrading number one, 45.1 per cent. The remaining 54.9 per 
cent were distributed into the lover grades with 31.4 per 
cent classified number two, 11.7 per cent number three, 7.9 
per cent number four, and 3.9 per cent sample grade. 
A comparison between the means for the ha r vest samples 
and the processors and terminal elevator samples shows that 
the harvest samples were substantially lower in foreign mate-
rial content, on the average, 0.786 per cent as compared with 
1.185 per cent. Assuming that the tvo population variances 
are the same, the t-test for the comparison of the means of 
the two independent samples shows that the mean for the 
producer delivered samples is 0.168 per cent lover than the 
mean for the processors and terminal elevator data at the 95 
per cent confidence level. Because of the large difference 
in sample variances for the two independent random samples, 
0.997 versus 0.482, an F-test for examining the hypothesis 
that the tvo variances were equal, versus the alternative 
that they vere not equal, was developed. The calculated P 
value was found to be 2.068. The tabular value for the two-
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sided 5 per cent significance level of F was 1.31. Since the 
calculated F exceeds the tabular P, the null hypothesis that 
the two variances are the same is rejected. 
The above result partially invalidates the original test 
of siqnificance for the difference between the means of the 
two samples since that test assumed that the two populations' 
variances were the same. In order to test for significance, 
a method explained by Snedecor and Cochran (32, p. 114-115) 
vas used. Since the calculated value fort, 4.227, exceeds 
the significance level oft•, 1.969, the difference is sig-
nificant at the 95 per cent level. 
The statistical tests employed above are important for 
two reasons. First, the fact that the means for the producer 
delivered samples and processors and terminal elevator 
samples are statistically different implies that soybeans 
undergo changes in foreign material content as they flow 
through the Marketing channels. Second, the fact that the 
sample variances are statistically different implies differ-
ent dispersions of foreign material content from the two 
sources of data. Handling, storage and transportation proba-
bly explain the reason for the increase in foreign material 
content. It is hypothesized here that the increase in for-
eiqn material content is partially explained by an increase 
in small particles of soybeans that are t oo small to be clas-
sified as splits. These particles result from breakage of 
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the soybean seed during handling. The relative decrease in 
the amount of dispersion about the mean as the samples move 
from the farmers to the processors and terminal elevators can 
be explained by the blending or pooling function. 
On the average, the 1971 u. s. inspected receipts con-
tained almost twice as much foreign material as did the 1971 
harvest samples, 1.563 versus 0.786. Part of this difference 
can be explained by the increase in foreign material content 
due to handling, storaqe and transportation. However, the u. S. 
&verage still exceeded the average for the Iowa processors 
and terminal elevator samples by a statistically significant 
amount, implying that soybeans from the harvest sample area 
were lover in foreign material content than were samples from 
the u. s. as a whole. 
Examination of the mean foreign material content for the 
five years recorded in table 26 shows that average foreign 
material content for the u. s. ranged from a low of 1.30 per 
cent in 1970 to a high of 1.563 per cent in 1971. 
Usinq the chi-square test for goodness of fit for the 
1971 producer delivered harvest samples, it was found that 
the distribution of foreign material content did not approxi-
mate the normal distribution. 
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Table 25. Foreign material distributions 
Per cent H.s.1 P.&T.2 u.s.-1971l u.s.-1970 u.s.-1969 
------------------------------------ ---------------------------
o.o 6 - 70 28 12 
0.1-0.2 52 - 1,302 2 ,702 5 , 220 
0.3-0.4 33 9 5,768 10, 864 12,324 
0.5-0.6 21 12 10,556 13, 174 15,132 
0.7-0.8 22 21 16,828 18,522 18,492 
0.9-1.0 27 33 29 , 03n 28, 7 56 28,200 
1.1-1.2 6 4 2,646 3,010 3,228 
1.3-1.4 1 11 13 ,118 10,318 10,992 
1.5-1.6 4 9 9,296 7,490 7,824 
1. 7-1. 8 4 10 8,190 6, 160 6,300 
1.9-2.0 6 7 11, 0 32 7,812 8,436 
2.1-2.s 3 3 7,770 5, 586 6,756 
2.6-3.0 4 1 A,736 5,488 6,972 
3.1-3.5 - 2 3, 136 1,932 2,556 
3.6-4.0 1 1 3, 9 20 2,366 2,640 
4.1-4.5 1 1 1,680 882 1,224 
4.6-5.0 - - 2,324 1, 2 32 1,536 
5.1-6.0 - - 1,610 882 1,368 
6. 1 & over 2 - 3 ,878 1, 722 2,760 
------- ------- -------
Total 199 124 140,896 128,-926 141, 972 
---------------------------------------------------------------
11971 producer delivered harvest samples fr om central 
Iowa. 
ZQfficial certificates collected from processors and a 
terminal elevator in central Iowa. 
3U. s. figures refer to inspected receipts two months 
following harvest. Source: Grain Crop Quality (3 6) • 
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Table 26. Foreign material, statistical measures• 
-
No. y s Range c 
Harvest samples 199 0.786 o. 997 0.998 a.so 126.936 
Processors and 
terminal elevator 124 1. 185 0.482 0. 694 4. 20 58.601 
1911-0.s.2 137,01 8 1. 563 1. 14 1 1. 068 68.346 
1910-0.s. 127,204 1. 300 0.900 0.949 72.760 
1969-U.S. 139,212 1. 340 1.038 1. 019 76.280 
1968-u.s. 107,004 1.430 1.042 1. 021 71.300 
196 7-U. s. 120, 790 1. 410 0.902 0 . 950 67.560 
---------------------------------------------------------------
tPor a description of the statistical measures used in 
this table and in other segments of the thesis, see 
Huntsberger (16, chapter 2). 
zu. s. figures refer to inspected receipts tvo months 
following harvest. Source: Grain Crop Quality (36). 
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Splits Distribution 
The distribution of splits depicted in ta ble 27 implies 
that 83.92 per cent of the 1971 fall harvest samples fell 
into the number one numerical grade classification, 13.57 per 
cent fell into the number two classification and 2.51 per 
cent into the number three classification. The fall harvest 
receipts produced no samples in the lover two grade classifi-
cations. The inspected receipts from the processors and ter-
minal elevator samples had 48.35 per cent number one soybeans 
and 51.65 per cent number two soybeans. There were no 
samples which graded number three, number four or sample 
grade. Although these two sources of data had the majority 
of their samples grading number one and number two on splits 
content, the producer delivered samples bad a much larger 
percentaqe falling into the number one grade classification. 
Inspected receipts in 1971 for the u. s. as a whole had 78.98 
per cent grading number one on splits content, 19.03 per cent 
number two, 1.83 per cent number three, 0.14 per cent number 
four and o~ly 0.01 per cent sample grade. 
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Table 27. Splits distributions 
Per cent H.s.1 P.&T.2 u.s.-19713 u.s.-1970 u.s.-1969 
---------------------------------------------------------------o.o 266 12 
0.1-2.0 25 3,598 6, 538 14,988 
2.1-4.0 38 1 17,472 28,210 31,416 
4.1-6.0 40 7 25,662 26,572 25, 39 2 
6.1-8.0 42 18 26 ,9 92 21,266 19,140 
8.1-10.0 22 18 18,186 13,916 14, 67 6 
10.1-12.0 1 18 8,568 6, 104 5,652 
12. 1-14.0 9 14 5 ,404 5,208 4,920 
14.1-16.0 4 8 3,458 3, 374 2,856 
16.1-18.0 4 7 2,716 1,904 1, 728 
18.1-20.0 3 2,002 1, 274 1 , 488 
20. 1-25. 0 5 1,414 686 816 
25.1-30.0 714 266 264 
30.1-35.0 126 112 72 
35.1-40.0 42 14 
40. 1 & over 14 42 36 
------- ------- -------
Total 199 91 116 ,368 115,752 123,456 
---------------------------------------------------------------
11971 producer delivered harvest samples. 
ZQfficial certificates collected 
a terminal elevator in central Iowa. 
collected, however, only 91 contained 
content. 
from tvo processors and 
124 certificates were 
information on splits 
3U. s. figures refer to inspected receipts two months 
f ollowing harvest. Source: Grain Crop Quality (36). 
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lccordinq to processor scale discounts, all soybeans in 
excess of 20 per cent splits are subject to price discounts. 
Pollovinq this discount scale, only five of the 199 harvest 
samples, or 2.5 per cent, were theoretically discounted be-
cause of excess splits content. None of the inspected 
receipts from the processors and the terminal elevator ex-
ceeded 20 per cent splits, therefore, none of the samples 
were sub1ect to price discounts because of splits. Approxi-
mately tvo per cent of the 1971 u. s. inspected receipts were 
discounted for excess splits content. This figure compares 
vitb sliqhtly less than one per cent in both 1970 and 1969. 
A comparison between the means for the harvest samples 
and the processors and terminal elevator samples shows the 
harvest samples with 7.141 per cent splits, somewhat less 
than the 10.945 per cent splits for the processors and termi-
nal elevator . The F-test for examining the null hypothesis 
that the tvo sample variances are equal, versus the alterna-
tive that they are not equal, required rejecting the null 
hypothesis. Therefore, the Snedecor and Cochran test of sig-
nificance !or the difference betveen tvo sample means was 
used (32, p. 114-115). Since the calculated value fort, 
8.379, exceeds the significance level oft•, 1.972, the dif-
ference between the means is significant at the 95 per cent 
level, even after allowance for the differences in sample 
variances is made. 
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The statistically significant difference between the 
•eans of the producer delivered samples and the processors 
and terminal elevator samples implies that soybeans increase 
in splits as they are stored, handled and transported from 
the producers, through the country elevators, to the proces-
sors and terminal elevators. This increase in split or 
broken soybeans probably results from breakage involved in 
the handling and elevating of the soybean seed. The relative 
decrease in the amount of dispersion about the mean as the 
sample moves from the producers to the processors and termi-
nal elevators can be explained by the blending or pooling of 
the soybean seeds. 
Examination of table 28 shows that mean splits content 
for the five years 1967 through 1971 for the u. s. ranged in 
value from 6.18 per cent to 7.44 per cent. This exemplifies 
the fact that not only does the distribution vary within a 
year, but also between years. 
Using the chi-sguare test for goodness of fit for the 
1971 producer delivered harvest samples, it was found that 
the distribution of splits as they arrive at the country 
elevator, did not approximate the normal distribution. 
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Table 28. Splits content, statistical measuresi 
-
No. y 52 s Range c 
Harvest samples 199 7.141 22.152 4.71 22.00 65.912 
Processors and 
terminal elevatorsz 91 10.945 11.764 J.43 14.00 31.337 
1971-U.S.3 116,444 7.758 21.110 4.59 59.224 
1910-u.s. 115,710 6.680 18.005 4.24 63.530 
1969-U. S. 123,420 6. 180 18.647 4.32 69.849 
1968-u.s. 98, 6 28 7.440 21.959 4.69 62.951 
1967-u.s. 107,120 6.930 , 3. 56 2 3. 6 8 53 . 160 
1 For a descr·ipt ion of the statistical measures used in 
this table and in other segments of the thesis, see 
Huntsberger (16, chapter 2). 
2Qfficial certificates coll ected 
a terminal elevator in central Iowa. 
collected, however, only 91 contained 
content. 
from two processors and 
124 certificates were 
information on splits 
3 0. s. figures refer to inspected receipts tvo months 
following harvest. Source: Grain Crop Quality (36). 
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Test Weight Distribution 
The average test weight for the 1971 fall harvest 
samples was 57.108 pounds per bushel. Test weight in these 
samples ranged from 52.5 pounds to 59.5 pounds. Table 29 
shows the distribution of test weight for the various sources 
of data. 
The processor scale discount schedule implies that 
soybeans less than 54 pounds per bushel are discounted. Only 
two fall harvest samples were less then 54 pounds and 
therefore subiect to test weight discount. None of the 
inspected receipts from processors and terminal elevators 
were less than 54 pounds, implying none were subject to 
discount. The percentage of U. s. total receipts subject to 
discount for 1971, 1970, and 1969 were 9.90 per cent, 6.82 
per cent, and 1.17 per cent, respectively. 
Osinq grade boundaries and the distributions depicted in 
table 29, it follows that 93.47 per cent of the fall harvest 
samples graded number one for test weight, 5.53 per cent 
graded number two, and 1.00 per cent graded number three. 
There were no samples from the fall harvest samples grading 
number four or sample grade, due to test weight. The in-
spected receipts from the processors and the terminal 
elevator had 98.39 per cent number one soybeans and 1.61 per 
cent number two soybeans according to the test weight bounda-
ries. There were no samples which graded number three, num-
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ber four, or sample grade. Inspected receipts for the U. s. 
as a whole bad a greater dispersion of samples throughout the 
qrades. These inspected receipts shoved 42.16 per cent of 
the samples falling into numerical grade number one, 47.94 
per cent grading number two, 7.95 per cent grading number 
three, 1.88 per cent grading number four, and only 0.08 per 
cent qradinq sample grade. 
A co•parison between the means for the producer 
delivered samples and the processors and terminal elevator 
samples shows the harvest samples averaging 57.108 pounds per 
bushel, somewhat higher than the 56.786 pounds per bushel for 
the processors and terminal elevator data. The sample vari-
ances for the producer delivered data and the processors and 
terminal elevator data were 1.048 and 0.326, respectively. 
The F-test for equality of the tvo sample variances 
shoved the calculated F, 3.215, exceeding the tabular F, 
1.31, implying the null hypothesis of equal sample variances 
is reiected at the five per cent significance level. Since 
the sample variances were determined to be statistically dif-
ferent, the Snedecor and Cochran method for testing the sig-
nificance between the difference of two sample means was 
again used (32). This method yielded a calculated value for 
t of 3.628 exceeding the significance level of t• of 1.967, 
therefore implying the difference between the two means is 
statistically significant at the 95 per cent confidence 
level. 
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Table 29. Test weight distributions 
Pounds R.s. a P.&T.z u.s.-19713 u.s.-1970 u.s.-1969 
60.0 & over 
59.0-59.9 
58.0-58.9 
57.0-57.9 
56.0-56.9 
55.0-55.9 
54. 0-54. 9 
53.0-53.9 
52.0-52.9 
51.0-51.9 
50.0-50.9 
49.0-49.9 
48.9 & under 
Total 
8 
45 
88 
45 
8 
3 
1 
1 
199 
4 
60 
58 
2 
124 
28 
238 
2,268 
• 
14,336 
38,024 
42,252 
20,160 
7,434 
2,912 
1,540 
756 
154 
98 
130,200 
14 
. 210 
4,368 
21,938 
41,986 
35,322 
16,282 
5,376 
2,254 
714 
294 
112 
42 
128,912 
60 
348 
4,788 
27, 852 
57,804 
33,912 
8,292 
1,200 
204 
60 
48 
48 
12 
134,628 
--------------------------------------------------------------
'1971 producer delivered harvest samples. 
ZQfficial certificates collected from processors and a 
terainal elevator in central Iowa. 
3 0. s. figures refer to inspected receipts two months 
following harvest. Source: Grain Crop Quality (36). 
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The relative decrease in the amount of dispersion about 
the test weiqht mean as the samples move from the producers 
to the processors and terminal elevator can be explained by 
the blending or pooling function performed at the country 
elevator. The relative decrease in dispersion is further 
exemplified by the decrease in the range of values for test 
weiqht. The harvest samples had a range of 7.00 pounds per 
bushel, while the processors and terminal elevator samples 
had a range of 2.50 pounds per bushel. 
Table 30 shows the variation in mean test weight values 
for the years 1967 through 1971, inclusive. Average test 
veiqht for the u. s. during these five years ranged from 
55.602 pounds per bushel to 56.786 pounds per bushel. This 
i•plies that mean test we ight for the u. s. as a whole may 
vary by over one pound per bushel between various crop years. 
Osing the chi-square test for goodness of fit for the 
1971 producer delivered harvest samples, it was found that 
test veiqht did in fact approximate the normal distribution. 
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Table 30. Test weight, statistical measuresi 
---------------------------------------------------------------
-
No. y 52 s Range c 
---------------------------------------------------------------
Harvest samples 199 57.108 1. 048 1. 02 4 1.00 1.792 
Processors and 
terminal elevator 124 56.186 0.326 0.571 2.50 1. 005 
1971-o.s.z 130,074 55. 6 02 1. 856 1.362 2.450 
1970-u.s. 128,856 55.920 1. 7 38 1. 318 2.358 
1969-U.S. 134,556 56.320 0.999 0.999 1.174 
1968-u. s. 108,972 56.100 1. 022 1. 011 1.802 
1967-u.s. 122,310 56.600 0 . 992 0.996 1. 760 
---------------------------------------------------------------
lPor a description of the statistical measures used in 
this table and in other segments of the thesis, see 
Huntsberger (16, chapter 2). 
2u. s. figures refer to inspected receipts two months 
follovinq harvest. Source: Grain crop Quality (36). 
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Damage Distribution 
Of the 199 soybean samples collected from producers at 
the country elevators, none of the samples contained enough 
damaged kernels to be considered for grading purposes. Only 
27 of the 124 inspected receipts from processors and the ter-
ainal elevator contained damaged soybeans. Seven of these 
samples contained heat damage. Only three of the samples 
that contained damaged kernels equaled or exceeded 1.00 per 
cent damaqe, and only one sample exceeded 2.0 per cent 
damage. Recalling that 2.0 per cent is the maximum limit for 
total daaaqe acceptable in the number one numerical grade 
classification, only one sample out of the 124 total samples 
graded lover than number one because of total damaged 
kernels. That particular sample graded number tvo on damage 
and had 2.2 per cent total damaged kernels. The processor 
discount schedule discounts soybeans with total damage in 
excess of 2.0 per cent. This implies that only the one 
sample vas discounted. The average value for total damaged 
kernels for the 27 samples that did in fact contain damaged 
kernels vas 0.481 per cent. It should be noted that this av-
erage is based only on the 27 samples and makes no inference 
about the average of the 124 samples. If, however, we assume 
that the remaining 97 samples contained o.o per cent damaged 
kernels, ve can hypothesize that the mean value for all 124 
samples vas 0.105 per cent total damaged kernels. 
8J 
Soybeans with heat ~amaged ke~nels l11 excasd ot 0.6 p~~ 
cent are discounted. Of tbe seven processors and terminal 
elevator samples vhich contained heat damaged kernels, only 
one exceeded 0.6 per cent and was subject to a price discount. 
The mean value for the seven samples containing heat damaged 
kernels vas 0.557 per cent. If ve assume that the remaining 
117 samples contained no heat damage, ve can hypothesize that 
the mean value for beat damaged kernels for the 124 proces-
sors and terminal elevator samples was 0.03 per cent. The 
sample that vas discounted contained 1.9 per cent heat 
damaqed kernels and was graded number four due to that 
factor. 
Tables 31 and 32 are based on U. S. inspected receipts 
two aonths following harvest. The statistical measures and 
distributions are based only on those inspected receipts that 
in fact contained damaged kernels. Thus, the mean values may 
be somewhat biased toward higher values. Table 32 shows the 
variation in mean values for the five year s 1967 through 1971. 
In 1971, 60.95 per cent of the u. s. inspected receipts 
which reported damaqed kernels graded number one, 12.32 per 
cent qraded number two, 14.85 per cent graded number three, 
4.53 per cent qraded number four, and 7.35 per cent vere 
qraded sample grade due to damage. These figures compare 
vith the 1970 percentages of 79.34, 8.34, 6.46, 3.74, and 
2.13 for grade numbers one, tvo, three, four and sample 
grade, respectively. 
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Table 31. Total damage distributions 
Per cent u.s.-19711 U.S.-1970 u.s.-1969 
o.o 8 70 
0.1-0.s 8,820 8,386 12,804 
0.6-1.0 15,022 19,418 23,412 
1.1-1.s 3,164 7,546 7, 788 
1.6-2.0 4,648 8,280 9,996 
2.1-2.s 2,758 2,310 2,412 
2.6-3.0 3,640 2,282 1, 452 
3.1-3.5 1, 750 518 324 
3.6-4.0 2,744 1,274 324 
4.1-4.5 1,414 504 240 
4.6-5.0 1,806 1, 2 60 96 
5.1-6.0 770 574 , 20 
6.1-7.0 1,008 812 24 
7.1-8.0 574 672 84 
8.1-9.0 420 84 24 
9.1-10.0 572 308 96 
10. 1 & over 2,828 784 120 
------ ------ -----
Total 51,946 55 ,0 82 59,316 
No inforaation2 89,096 74,088 83,664 
---------------------------------------------------------------
•u. s. figures refer to inspected receipts two months 
following harvest. source: Grain crop Quality (36). 
2Number of inspected receipts that contained no informa-
tion on total damaged kernels. 
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Table 32. Total damage, statistical measurest 2 
---------------------------------------------------------------
-
No. y 52 s c 
1971-U.S.3 49,120 2.014 3.745 2.014 96.099 
1910-0.s. 54,298 1. 590 2.442 1. 56 3 98.134 
1969-U. S. 59, 196 1.130 0 .110 0.878 77.936 
1968-u.s. 60,564 1.550 1. 728 1.315 84.926 
1967-u.s. 79,160 1.390 1.275 1.129 81.408 
---------------------------------------------------------------
tPor a description of the statistical measures used in 
this table and in other segments of the thesis, see 
Huntsberqer (16, chapter 2). 
2statistical measures are based only on those inspected 
receipts which contained information on total damaged 
kernels. 
3U.S. figures refer t o inspected receipts tvo months 
following harvest. Source: Grain Crop Quality (36). 
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Grade Distribution by Factors 
ln average grade level can be computed by assigning a 
value of "1" for number one soybeans, "2" for grade number 
tvo soybeans, etc. The average grade level for the harvest 
samples vas 1.528. This average is based on all grading 
factors. If ve assign the same weights for each grade and 
apply them to each grade factor separately we can arrive at 
an "average factor grade." For the fall harvest samples, 
foreign aaterial had the highest average factor grade, 
1.2769. ~oisture and splits bad very close averages, 1.140 
and 1.186 respectively. Test weight had the lowest average 
factor grade, 1.0759. Table 33 shows the distribution of 
qrade levels for the fall harvest samples considering all 
factors together as well as each factor separately. Like-
wise, tables 34'and 35 shov the distribution for the 
processors and terminal elevator samples and the 1971 u. s. 
inspected receipts. 
Tables 33, 34, and 35 can be used to test the criteria 
developed oy Kohls (21), that a large enough percentage of 
production should fall into each grade to make that grade a 
meaninqful market category. The lover two grades for test 
weight and splits contained zero per cent for both harvest 
samples and the processors and terminal elevator samples. 
Inspected receipts for the U.S. contained only 0.1 per cent 
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in the lover two grades for splits and 2 .0 per cent for test 
veiqht. similarly, the lower two grades contained only 1.8 
per cent of total samples for moisture from the U. S. 
inspected receipts, vith only 0.3 per cent grading sample 
qrade. Following this criteria, the factor grade distribu-
tions for total damaged kernels and foreign material place a 
larqer percentage of production into the lower grade classi-
fications and are therefore more meaningful market catego-
ries. It should be noted here, however, that soybeans are 
not usual l y priced on the numerical grade basis. Rather, 
they are priced on a processor scale discount basis. The re-
lationship between grades, factor levels and prices will be 
examined later. 
Using the coefficient of variation as a relative measure 
of variation in factor levels, it can be shown that test 
veiqht exhibits the lowest relative variation of all the 
qradinq factors for all the sources of data presented in this 
research. The relative variation in moisture content is also 
quite low in comparison to foreign material, splits and 
damage. Table 36. 
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Table 33. Grade distributions, by factors, harvest samples• 
---------------------------------------------------------------
Grade 
Number , 
Number 2 
Number 3 
Number 4 
Samp l e grade 
All Foreign 
factors Moisture material Splits 
Pe[' cent 
61. 31 88.9 80.9 83.9 
28. 14 8.5 , 3. 6 1 3. 6 
8. 04 2.0 3.5 2.5 
1. 51 0.5 1. 0 o.o 
1. 00 0.0 , • 0 o.o 
Test 
weight 
93.5 
5.5 
1 • 0 
o.o 
o.o 
1Excludes total damaged kernels as a factor since none 
of the 199 samples contained enough total dama ged kernels to 
be considered for grading purposes. 
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Table 34. Grade distributions, by factors, processors and 
terminal t 
lll Foreign 
Grade factors ~oisture material Splits 
Per cent 
Number 1 36. 29 98.4 60.5 48.4 
Number 2 56. 45 1.6 33.1 51. 6 
Nu111ber 3 3. 23 o.o 3. 2 o.o 
Number 4 4.03 0.0 3.2 o.o 
saaple qrade o. 00 o.o o.o o.o 
Test 
weight 
98.4 
1. 6 
o.o 
o.o 
0.0 
--------------------------------------------------------------
'Excludes total daaaged kernels as a factor since none 
of the 199 sa•ples contained enough total daaaged kernels to 
be considered for grading purposes. 
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Table 35. Grade distributions, by factors, 1971 u. s. 
inspected receiptsi 
All Foreign 
Grade factors ~oisture material Splits 
Per cent 
Nam ber 1 12.6 55.0 45. 1 79.0 
Number 2 38.0 26.1 31. 4 19.0 
Number 3 30.7 17. 1 11. 1 1. 8 
Number 4 11.4 1. 5 7.9 0., 
Sample grade 1. 2 o. 3 3.9 o.o 
Test 
weight 
42.2 
47.9 
7.9 
1. 9 
o. 1 
Total 
damage 
6,. 0 
1 2. 3 
14.8 
4.5 
7.4 
--------------------------------------------------------------
1source: Grain Crop Quality (36). 
( 
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Table 36. Relative variation in grading factorst 
---------------------------------------------------------------
Factor 
Harvest 
samples 
Processors 
& tenninal u.s.-1911z 
---------------------------------------------------------------
Coefficient of variation3 
~oisture 10.864 6. 547 12.564 
Test weight 1.792 1.005 2.450 
Foreiqn material 126.936 58.601 68.346 
Splits 65.912 31.337 59.224 
Damaqe 100.441 96. 099 
tFor a description of the statistical measures used in 
this table and in other segments of the thesis, see 
Hun tsberqer ( 16, cha pt er 2) • 
zsource: Grain Crop Quality (36). 
3 Coefficient of variation measured in percentage terms. 
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Relationships Amonq Gcading Factors 
We have nov seen the relativ e distributions for the var-
ious quality factors used in the qradinq of soybeans and how 
these distributions vary within years due to storage, 
blending, handlinq and transportation. Using linear 
regression analysis, the gradinq fdctors test weight, 
moisture, splits, and foceign material were analyzed to de-
termine what relationships, if any, exist between these 
qradinq factors. The data used wd s the gcade factor levels 
for the 199 pcoduc@r delivere~ harvest samples . The stepwise 
reqression procenure and pa rtid l F tests were used to deter-
mine the best possible regression equations. Each grading 
factor was alternat ely treated as the dependent variable with 
the remaininq three qradinq factors considered as possible 
independent variables. Only those grading factors vhich had 
a siqnificant influe nce on the regression equation, according 
to the partial F t est criteria, vere allowed to enter into 
the equations. All t@sts were performed at the 95 per cent 
confidence level. The least squares method of fitting a 
straiqbt line produced the followinq coefficients for the 
reqression equations. 
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(1) Moisture= 34.11+ - 0.39(test weight~ 
- 0.057(splits) 
(2) Test veight = 60.10 - 0.26(moisture) 
( 3) Foreign mat er ial = 0. 1+3 + 0. 04 9 (splits) 
(4) Splits= 15.65 - 0.82(moisture) 
+ 1.13(for@.iqn material) 
The coefficient of determination was used to examine the 
amount of relationship between the factors in each 
reqression. The coefficient of deter•ination, ez, is the 
fraction of the total variation in the dependent variable 
that is accounted for by the relationship between the depen-
dent variable and the independent variable. Values for the 
coefficient of determination ranqe between zero and one, 
inclusive. If dll the observed data points are close to the 
fitted least squares regression line, the value of the coef-
ficient of determination vill be close to one; as the data 
points disperse from the reqression line the value will 
becoae closer to zero. In this manner, the coefficient of 
determination is a measure of the strength of the linear re-
lationsbip. The coefficients of determination for the four 
equations were 14.7, 9.0, 5.4, and 10.1, respectively, 
expressed in percentaqe terms. These celatively small values 
for the coefficients of determination imply that none of the 
four reqression equations adequately explains the variations 
in the data. Analysis of variance for the four equations can 
be found in Appendix D. 
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The relationship between test weiqht and moisture seems 
quite reasonable vhen one realizes that test weight is 
basically a measure of seed density and that water per se is 
less dense than the dry naterial in the soybean see d; 
therefore, when moisture is removed from a lot of soybeans 
the remaining material is more dense and will therefore have 
a hiqher test wei ght. The inverse relationship betwe@.n 
splits and moisture implies that dry soybe~ns tend to have a 
greater number of split soybeans relative to soybeans with 
hiqher moisture c ontent. The positive relationship between 
splits and foreign material is explained by the fact that as 
soybeans are handled and elevat ed they tend to split or 
break. Some of these split or broken pieces vill pass 
tbrouqh an 8/64 inch sieve and are therefore classified as 
foreiqn material even though they are in fact soybeans. 
Oil Distribution 
Since soybean oil and soybean meal are the primary prod-
ucts of soybean processing, it is essential that ve also look 
at the distribution of these two quality factors. Two 
sources of data were used to arrive at the relative distribu-
tion for both oil content and protein content. 
Forty-seven of the oriqinal 199 fall harvest samples 
were submitted to an official oil a nd meal chemist for oil 
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and protein determination. tn ad d ition, oil and protein con-
tent data vas obtained from the Illinois and Iowa Crop Be-
portinq Service. These particular samples vere collected 
from plots in probability selected soybean fields in Iova in 
1971 by the Statistical Reporting Service, USDA, in 
connection with their annual obiective yield program. The 
samples were chemically an a lyzed by the Illinois Division of 
Feeds, Pertilizers,and Standa~ds. Oil and protein content 
for both sources of data was conve rted to a zero moisture or 
dry matter basis in order to eliminate variations due to 
moisture content. Table 37 shovs the distributi on of oil 
content for the two source s of datd, while tab le 38 shows the 
values for various statistical measures. It should be noted 
here that the oil and protein data for the fall harvest 
samples repres~nts data from a nine-county area in Nortb-
Central Iowa, while the Statistical Reporting Service (SRS) 
data vas collected by random sample f r om the en tire state of 
Iowa. There were 47 fall harvest samples and 7 2 SRS samples 
analyzed for oil and protein content and used for qualit y 
characterist ic distribution analysis. 
The me a n oil content, on a dry matter basis, for the 
1971 fall harvest samples was 22.39 per cent. Va lues ranged 
from a high of 23.83 per cent to a low of 20 .76 per cent. 
The mean value for tbe Statistical Reporting se rvice samples 
was 21.49. These samples ranqed in value from a high of 
')h 
23.77 to a low of 19 . 23. The sa11q..1le Vdria uces for the fall 
baryest samples and the SRS sampl es we r e 0 . 5 1 and 0 .97, r e -
spectively. The P-test of equality of the two sample vari-
ances produced a c alculated F of 1.902 which exceeded the 
tabular value of F at the f ive per c ent level, implying that 
the sample variances are not the same. Therefore , to test 
the siqnif icance for the difference between the two sample 
aeans the Snedecor and Cochran procedure for testin g signifi-
cance with unequal variance s was used (32). Since the calc u-
lated value fort', 5.769, e xceed ed the 95 per cent siq nifi-
cance level oft, 2.003, the difference between the means was 
statistically significant. 
The statistically siqni ficant difference between t he two 
sample variances implies that there was a greater varia bilit y 
in oil content throuqhout the s tat e than there vas in the 
nine-county fall harvest sample area. The st a tistical d if-
ference between the two sample mea ns imp lies that s oybea ns 
from the fall harvest sample area produced values bighe~ in 
oil content than the state as a whole. 
Tal> le 37. Oil distr.-ihut i ons , dr.-y basis 
Har.-vPst. sa mp l es s n s sil m pl c s a 
Per.- cent N um hei: % Numher 3 
<19 . 5 2 2 .78 
19. 5- 19. 75 ) 4. 17 
1q.76-20.00 1 1. 39 
20 .01-20. 25 1 1 . 39 
20 . 26-20.50 4 5 . 56 
20 .51-20.7 5 4 s. 56 
20 .76-21. 00 2 4.26 10 13. 89 
21. 01-21.25 2 4 . 26 6 8 . 33 
2 1.26-21.50 1 6 . 38 4 5. 56 
2 1. 51-21. 75 J f> .3 8 6 0 . 33 
2 1.76-22.00 ) 6.J8 5 6. ')4 
22 . 0 1-22.25 3 t> • J 8 1 l 1 5 . 2R 
22 . 26-22 . 5 0 9 1 9 . , 5 s 6 . 94 
2 2 .51- 22.75 5 10 . b4 5 6 . 94 
22 . 76- 23 . 00 7 14.09 2 2 .7R 
23 .01- 23 . 25 h 12 .77 1 1. J9 
23. 26-23 . 50 J b.38 1 1. J 9 
>23 . 50 1 2 . 1 3 1 1. 39 
------ ------
Tota l 47 100 . 00 72 100 . 0 1 
---------------------------------------------------------------
isamples c o llec t ed by St atis tical Repor.-ti ng service . 
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Table 38. Oil content, statistical measures• 
Ha eves t sam ples SRS samplesz 
Mean 22 .3 9 2 1. 49 
Variance 0.51 0.97 
Standard deviation 0.71 0. 98 
Coefficient of variation J.18 4.58 
Hiqb 2 3. 8 3 23 .77 
Lov 20. 7 6 19. 23 
Ranqe 3.07 4. 54 
l'tedian 22. 4 4 2 1. 62 
Number 47.00 72.00 
---------------------------------------------------------------
'For a description of the statistical measuces used in 
this table and in other segments of the thesis, see 
Huntsberqer (16, chapter 2) . 
zsamples collected by Statistical Reporting Ser vice . 
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Table 39 shows variou s statistical measures fo r oi l con-
tent for the S RS samples di vided into the nine Iova crop re-
portinq districts. District number one ha d the highest aver-
aqe oil content vit h 22. 16 per cent , while District number 
four had tbe lowest oil cont ent wit h 20 . 67 per cent . The 
previous conclusion tha t o il content Vdciation was qreater 
vitbin the state as a vhole than within a smaller district of 
the state is qenerally s upported by th e re s ults in table 3q. 
Five of the nine crop reporting districts had sa mpl e vari-
ances saaller than the state-wide variance, and for the four 
crop districts that did exceed the state variance none of 
these vere found to be stat istically greater than the state-
wide variance . 
The nine crop reportin g districts were gro uped into 
three classifications--north, central , and sourth--to deter-
mine if any differences in oil content exist as one moves 
alonq a north-south line. The mean oil content values fo r 
the north, central and south classifications were 21.15 per 
cent, 21.78 pee cent and 21 .b4 per cent , respecti vely. Al-
thouqh tha mea n averaqe for the southern districts exce eded 
the •ean averdqe for the norther11 rlistricts , the differe nce 
vas not siqnificant since the calculated t, 1.752, was less 
than the tabula r t , 2 . 021, at the t wo-tailed 95 per cent 
confidence level. Howe ver, the differAnce bet ween the cen-
tral and northern districts was sig nifica nt with the calc ula-
ted t value of 2 . 246 exceeding th e tabular t , 2 . 008. 
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Table 39. Oil content, statistical measure s , by Iowa 
crop reportinq districts, SRS samples' 
Dis- -
trict No. y s Range c 
---------------------------------------------------------------
1 12 21. 78 1. 09 1. 0 4 3.38 4.78 
2 13 20.12 0. 56 o. 7 5 2. en 3. 61 
3 4 20.67 1. 43 1. 2 0 2.77 5.79 
4 7 21. 6 1 o. 77 0.88 2.51 4.07 
5 1 1 22. 16 0.55 0.74 2. 5 2 3.34 
6 4 21 . 04 1. OJ 1. 0 2 2.30 4. 8 3 
7 1 21. 74 1.04 1. 0 2 3. 14 4. 69 
8 5 21.80 0.74 0 . 86 2.27 3.95 
9 9 21.48 0.64 o. 8 0 2 . 09 3.11 
-----
Total 72 21.49 o. 97 0.9 8 4.54 4. 58 
---------------------------------------------------------------
'Samples collected by Statistical Reporting s ervicP. . 
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The nine crop ceportinq d i s trict s were also qco upcd into 
the classifications east, central , and west. The mean oil 
content values for the east, central , and west classifica-
tions vere 21.19 per cent. 2 1.45 pe r cent , and 21.72 pe e 
cent. Althouqh the mean val ue for the weste rn c lassification 
was qreater then the medn value for the eastern classif ica-
tion, the differer ~ ~ vas not statistically siq nificant at th~ 
95 per cent confidence level. 
Osinq the chi-square test for go odness of fit for th~ 
producer delivered harvest samples and foe the SRS samples, 
it vas found that the distribution of oil content fo r both 
samples did approximate the normal distribution. 
Protein Distribution 
The mean protein content f or the 47 chemica lly a nalyzed 
fall harvest samples was 41.4 6 per cent. Values ranged from 
a hiqb of 43.6 8 pe r cent to a low of 39 .JO per cent. The 
mean value for the SRS samples was 41. J3 . These samples 
ranqed in valu e from a hiqh of 45.36 pe r cent to a low of 
37.80 per cent. The sa mple variances for the fal l harvest 
samples a n d the SRS sampl es were 0.82 a nd 2 .70 , respectively. 
Use of the F-test to e xamine the difference between the t wo 
sample va ria nces required re;ecti ng the null hypothesis that 
the two s ample variances were the sa~e since the calculated 
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F, 1.293, exceeded the fi ve per cent siqnificance level of F , 
1.80. !he T' test for siqnificance between the two mean 
values required acceptinq the null hypothesis that the two 
means were in fact equal at the 95 per cent confidence level. 
The statistically siqnificdnt diffe rence between the two 
sampl e variances implies that there wa s a q reater variability 
in protein content throuqhout the entire state of Iow a than 
there was in the nine-county fall harvest sample area . Al-
thouqh there did exist a differe nce in v~riability or 
dispersion, the mean values were statistically eq uivalent . 
See tablP.s 40 and 41. 
Using the S RS samples , tab l e 42 sno ws various statisti-
cal measures for protein content for the nine Iowd crop re-
portinq districts. District number three had the hiyhest av-
er aqe protein content with 43.72 per cent, while District 
nu mber seven had the lowes t mean protein content with 40.21 
per cent. Six of the nine crop reporting districts had 
sam ple variances smdller in value than the state-wid~ vari-
a nee . Sample variances from Districts three , si~, an~ seven 
~xceeded the s t d te-wirl e variance; howevar, use of the F test 
tor determininq the equality or the samplR var iancPs r equired 
acc~ptinq the null hypoth~s is that the variance were equal in 
all three cases. 
Tdhl~ 40. 1-'cotA.in dist['ibutions, 1lry hasi~ 
Pel· cent 
<38.5 
38.50-39.00 
3'1.01-39.50 
39. 51-40.00 
40.01-40.50 
40.51-41.00 
41.01-41. 50 
41. 51-42.00 
42.01-42.50 
42. 51-43 . 00 
43.01-43.50 
43.51-44.00 
44.01-44.50 
>44.50 
Total 
Harvest samp l es 
Numbe[' 
1 
1 
6 
5 
10 
12 
6 
4 
1 
47 
2. 13 
2. 1) 
12. 7 7 
10. 64 
21.28 
25.53 
12.77 
8.51 
2. 13 
2. 1 3 
100.0 2 
SRS samples• 
Number 
3 
6 
5 
6 
10 
q 
9 
7 
5 
4 
2 
3 
2 
72 
% 
4. 17 
1. 39 
8. 33 
6.94 
8. 33 
13. 89 
12. 50 
12 . 50 
9.72 
6.94 
5.56 
2.78 
4. 17 
2 .78 
100.00 
-------------------------------------------------------------
isamples collected by Stati s tical Reportinq SPrvicP. 
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Table 41. Protein cont 0nt, s tatisticdl mea s urcss 
---------------------------------------------------------------
Har vest s ampl e s SRS samplesz 
--------------------~-----------------------------------------
Mean 41. 4 6 41. 33 
variance 0 .82 2. 70 
StandaI:'d devidtion 0 . 9 0 1. 64 
Coefficient of vaI:'iation 2. 18 3.96 
Hiqh 4).68 4 5. 36 
Low 39.30 3 7. 80 
Ranqe 4. J 8 7. 56 
Median 41.56 4 1. 2J 
NumheI:' 47.00 72.00 
1 For a descI:'iption of the s tatistica l measures used in 
this table and in other seqments of the thesis , see 
Hun tsbecqer ( 16, ch a pt er 2) • 
zsamples collected by S t a tistical Reporting service. 
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Tdule 42. Prot8 iu c ont e nt, s tati:.ti c dl measures by Iowd 
crop reportinq J istric tsi 2 
Dis- -
trict No. y s Range c 
-------------------------------------------------------------
1 12 41.17 1. 33 1. 1 5 3.64 2.81 
2 13 42.40 1. SJ 1. 2 4 3. 84 2.92 
J 4 43.72 J.07 1. 7 5 3.36 4.01 
4 7 41.25 1. 89 1. 3 8 3.97 J. 33 
5 11 40.75 2 . 58 1. 6 1 5. 6 9 3.94 
6 4 4 2. 1 3 3.5<} 1. 8 9 4.20 14. 50 
7 7 40.21 3.23 1. 8 0 4 . 55 4.47 
8 5 40.90 o. 55 o. 7 4 1.92 1. 82 
9 9 40.49 2 .26 1. 5 0 5. 1 1 3.71 
-----
total 72 41.33 l. . 7 0 1. 6 4 7.56 3.96 
-------------------------------------------------------------
•For a description of the s tatistical measures used in 
this table and in other s e q ments of the thesis, see 
Huntsberqer (16, chapter 2). 
2 Samples collected by Statistical Reporting Se rvice. 
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To test foe differe nces in mea n val ues for various sec-
tions of the state , th e nine crop reporting districts were 
aqain classified i nto three qroups- -north , central and south . 
Tbe mean protein conte nt va lues for the north , central and 
south classifications were 4 2. 0 7 per cent, 41. 1b pe r cen t, 
and 40.50 pe r cent, re spect ivaly. Unlike the results ob -
tained for oil content , th ere wa s d s t atistical difference 
between the mean pro t ein Ydl ues for the northern and sou ther n 
classifications of crop reporting ~is tricts. 
We aqain divided the nine crop reporti ng d i str i cts into 
three classifications--east , central and west. The mean pro -
tein content for the Past , cen tral and west classifications 
vas 41.64 per cent, 41. 5 1 pe r cent, and 40 . 93 per ce nt, re-
spectively. Alth ouqh tha mea n valu e for the eastern c l assi-
fication vas qreate r than the mea n valu e for the western 
classification, the diff erance was not sig ni ficant at the 95 
per cent confidence leve l. 
Osing the chi-square t es t fo r qoodness of fit for the 47 
producer delivered samples and for the 7 2 SRS samples , it was 
found that the d i stribution of protein content did approxi-
mate the norm a l distributio n in bot h cases . 
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Relationships Betveen Oil a nd Protein Conte nt 
The results of linear regression a nalysis indicate a n 
inverse relationsh ip b e twee n oil and protein content--as the 
oil content increases, the protein content dec reases. The 
sample correlation coefficien t bPtween oil a nd protein con-
tent for th e 47 har v est samples was - 0 . 580 . Th e sampl e cor-
relation coefficient for the 7 2 SRS samples vas some vhat 
hiqber in absolute v a lue , -0 .7 23 . Use of s imple linear 
reqression analysis yiPlded the following fo ur eq uations: 
(5) Oil = 41. 371 - O. 458 ( prot ein ) 
(6) Protein -= 5 7. 2 17- O. 7 .17 (oil ) 
(7) Oil= 39.461) - Q.435 ( protei n) 
( 8) Protein= 67 . 238 - 1. 206 (oil) 
Equations seven and eiqht res ulted from the fall harves t 
samples, and equations nine and ten resulted from the S RS 
samples. Eq uations seven a n d eiqht ha d a coefficient of de-
termination eq ual to 38 . 585 in p~rcentdge terms. The coeffi -
cient of determination for equat i ons nin e and ten wa s 52 . 265 
in perce ntaqe terms. 
Relationships Amonq Grade ~dctors and Uil dt1d Protein Content 
Since qrade factor information wa s available only on the 
fall harvest samples, these samples were used to determine 
what relationships, if any, exist betw een o il and protein and 
the present soybean grading factors. Simple linear reqres-
sions were run for the following equations : oil= f (test 
veiqbt), protein= f (test weiqht), oil= f (foreiqn ~aterial), 
protein = f (foreiqn materidl), oil = f ( splits), protein = 
f(splits), oil= f(numerical qrade), protein = f(numerical 
qrade). The only siqnificant re l ationship vas the relation-
ship between oil content and foreign material content. This 
relationship produced the followinq regression equation: 
(9) Oil = 22 .558 - 0.218 (foreign material) 
This equation produced a coefficient of determination 
equal to 10.73 per cent. The sample correlation coefficient 
of -0.328 implied a negative or inverse linear relationship 
between foreign material content dn d oil co ntent. 
It is interestinq to note that the grade factors test 
veiqht, splits and foreiqn material had no siqnif icant rela-
tionship with protein cont e nt; and test weight and splits had 
no siqnificant relations hip with oil content. Although these 
factors have no significant linear relation ship vith the tvo 
primary products of the soybean seed, oil and protein-meal, 
they are still included in the soybean gcade factors. 
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QU ALITY OETERMINA T I ON-- t'1ET llODS ANO COSTS 
Oil and Protein Determi nation Me thods 
Several different methods and ki nds of machines and 
testinq procedures have be P.n de ~ e lo pe d t o de termine the 
amount of oil and protein presPnt in a sa mple of soybeans. 
These machines and procedu res are based on se ve ral diffe ren t 
method s of de termination. 
The most accurat e me thod , a nd the most wide ly used 
method, for the determination o f protein con t e nt is tbP. 
tieldahl extraction me thod . Thi s is t he official chemical 
procedure used by official meal chemist s for the National 
Soybean Processors Associa tion. Tota l nitrogen content , a s 
ammonia, is determined from a ground sdmple of so ybe ans . Per 
cent protein is equated with (pe[' ce nt ammonia ) x ( 5. 14 or-
per cent nitroqen) x (6. 25) . 
Solvent extraction i s the official c hemical met hod used 
by official oil chemis t s . Gr ound so yb ean seed is e xt racted 
vith petrole um ethe r for se verdl ho ur s with the res ulta11t 
substances co nsidered pa rt of t he oil fraction . These t wo 
chemical methods have a hiq h deg r ee of accu racy but requ ire 
analytical ability, spec i al equipment, considerable tim e , and 
are somewhat expensi ve. 
Nuclear Maqn e tic Resonance ( NM R) 
to accurately determine oil content. 
is a n alternative way 
C on~ a y a n d Ea c le ( 7 ) 
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found Nuclear Maqnetic Reson ance to be as accurate as the 
extraction procedure. One advantage of NMR is the rela tively 
small amount of tirue requirdd to analyze a s ample, usually 
less than three minutes. Th~ qreatest disadvantage of NMR is 
the hiqh cost of equipment , somewhere between $25,000 and 
$40,000 (12). 
The United States Departm~nt of Agriculture in 
con;unction with the Illinois Department of Agriculture and 
tvo private companies have developed prototype in s trume nts to 
determine oil, protein, and moisture content of soybeans by 
the use of infrared liqht. The United States Department of 
Aqriculture, Instrumentation Labora tory - Aqriculture Re-
search Service in Beltsville, Marylann, has been engaqed in 
research on this program for several years and ha s success-
fully demonstrated that an optical electronic ins trument can 
be used to determine oil, protein , and moisture content in 
soybeans. The instrume nt utilizes the differences in 
reflectance of narrow bands of infrared light. The reflected 
enerqy from the soyhean sample is then detected by a sensi-
tive phot~cell. Moisture , protein and oil content can be de-
termined in les~ tban 5 minutes by anyone capahle of follow-
inq a few simple instructions.• 
tprivate communication with Huqh Shown, DICKEY-john 
Corporation, Auburn, Illinois, and with Lynn Kessinger, 
Illinois Depdrtment of Agriculture . 
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Estimated Cost foe Oi l and Pcotein Determination 
In order to determine if oil and protein content shoul1 
be incorporated into the soybean grading and pricinq systems , 
it is necessary that we develop cost estimates for such de-
termination. The method d e veloped by the USDA explained in 
the precedinq paraqraph will serve as the basis for oil and 
protein determination cost analysis. This method was select-
ed because of the small amount of testing time needed, be-
cause of the relatively simple op e rational procedures in-
volved, and because of the expected accuracy of dP.termina-
tion. Since the machine i s still in the prototype stage , an 
accurate estimate of initial cost is still lackinq. Early 
estimates place the cost of procurement somewhere hetveen 
$5,000 and $15,000. Based on labor costs of $2 .50 per hour 
and testing time of three minutes the variahle cost per 
sample analyzed was estimated at 12.5 cents. Labor cost was 
the only variable co st con s idered since the determination r~­
quires no additional equipment and electricity cost an d 
maintanence cost are insignificant at the s ingle sa~ple 
level. If the sample bein q analyzed r ep cese nted a 3,000 
bushel lot of soybeans, the vaciable cost per bushel would be 
0.004167 cents per bushel. If the lot repcesented only 200 
bushels of soybeans, the variable cost per bushel would be 
0.3625 cents per bushel. 
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Quality Deter~ination Costs of Processors 
Twenty soybean procP.sso rs provided information necessary 
to estimate the actual costs involved in quality determina-
tion. These 20 processors represented a total annual crush 
of 173,550.000 bushels, or an average crush of a.677,500 
bushels per processor. Totdl quality deter~ination cost was 
made up of four separate costs--equipment cost, labor cost, 
licensed inspector cost and chemical a n a lysis cost. These 
four cost factors r eprese nt the costs involved in grading 
inbound samples of soybeans in order to arrive at the numeri-
cal qrades. In addition, all chemical tests performed by the 
processors on inbound samples of raw so ybeans are included in 
total quality deter~ination cost. 
To arrive at cost estimates, labor costs were set at 
$2.50 an hour. The cost for inspection and qradinq by 
licensed qrain inspectors was provided by the processors used 
in the estimates. Equipment cost represented depreciation 
allowances only. Tatle 43 s hows the ye arly dep reciation 
allowances used for each type of qradinq equipment. Chemical 
analysis costs were set at $6.00 per sample. This was the 
averaqe price quoted by four midwestern chemical analysis 
firms. The 20 processors reported usinq 23 ,022 ma n hours of 
labor for qradinq purposes. Table 44 shows total quality de-
termination cost. Total cost Wd S ~stimated to be $396,551, 
or 0.2285 c en t s per bush e l crusued. 
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Table 43. Grain qra d inq eq uipme nt , number o wn ed and soybAan 
processors annual deprec iation al lovan ces t 
Equipment type 
Mechanical sampler 
Moisture meter 
Test we iqh t scale 
Grain sieve 
Gram scale 
Grain divider 
Probe 
Pelican sampler 
Depceciat ionz 
100 
7 5 
3 
6 
1 0 
12 
')0 
6 
Tota l 
nnmber 
o wned 
17 
35 
19 
40 
28 
23 
37 
2 
Average 
n 11 m be r 
owned 
0. 85 
1. 75 
0 . 95 
2 . 00 
1. 40 
1. 15 
1. 85 
0 . 10 
---------------------------------------------------------------
1 Piqures based on mail s ur ve y o f soybean processors in 
nine North-Central s t a t es . 
zcost in dollars per y ear. 
1 1 ') 
'I'ahle 44. ~stimntPd quality rlt>termi11dtion cost for- pr-ocessor·s• 
Cost in noll 11 r: s PP.r: cent of total 
Equipment 7,040 1. 8 
La bot" 57,555 1 4. 5 
Inspection 310,604 7 8. 3 
Chemical analysis 21,352 5.4 
------- -----
Total 396,551 100.0 
-------------------------------------------------------------
lFiqut"es based on mail survey of soybean pr ocessors in 
nine North-Central states. 
1 1 6 
Quality Dete rmination Costs of Iowa El e vators 
Ninety-five e l e vators r eport ea r ecei vin g 121,096,236 
bushels of corn and soybeans combined per y e ar. To a rrive at 
cost estimates, labor costs we r e again set at $2.50 an hour. 
The 95 elevators reported usin g 5 8 ,024 man hours pe r yea r for 
qradinq purposes. Equipment cost represented dep reciation 
allowances only. These expenses totaled to $177, 15 1 f o r the 
95 elevators vhich was approximately 0.146 cents p~ L bushel 
of qrain received. 
The elevators surveyed were di viderl into ca t eqo ries A, 
B, and C accordinq to bushels ot s toraye capacity. Gr oup A 
vas made up of e l e vators wit h s torage capacity of q reat er 
than 800,000 bus he ls; q rou p B ha d storage capaci ty between 
400,000 and 800,000; and group C ha d storage capacities of 
less than 400,000 bushels. 
In summary, the es timated cost for qradinq a bushe l of 
soybeans at the average Iowa country ele vator was o. 146 c en t s 
per bushel an d the estimated cos t o f quality determinati o n at 
the processor l e vel was 0.2 2 8 cents per bushel. Ass umin g the 
most eleaentary movement of so yb e ans through the marketin g 
channel, producer to country e l e vato r to soybea n proce~sor , 
the estimated cost fo r soy bean quality determinatio n would be 
0.374 cents per bush el . 
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Tcible 45. Estimated qrddinq costs for Iowd country elevators 1 
Equipment cost 13,424 10,943 7, 7 24 
Labor cost 57,A20 48,275 38,965 
Total cost 71, 244 59 ,21 8 46,68(} 
Bushels received 61,944,994 39,508,515 19,642,727 
cost per bushels • 115 • 150 . 238 
Number of elevators 34 32 29 
--------------------------------------------------------------
'Piqures based on mail survey of Iowa country elevators. 
2 Elevators with qreater than 800,000 bushels storage 
capacity. 
3Elevato rs with between 400,00 and 800,000 bushels stor-
aqe capacity. 
•Elevators with less than 400,000 bushels storage 
capacity. 
scost in cents per bushel . 
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Table 46. Grain qradinq equipm~nt, number owned, Iowa 
qrain elevatorst 
--------------------------------------------------------------
83 
Total Average 
c• number num 
number number 
owned owned 
--------------------------------------------------------------
Mechanical sampler 24 1 , 2 37 O.JAq 
Moisture meter 65 '} 9 45 lb9 1.779 
Test we iqh t scale S7 52 41 150 1.579 
Grain sieve 76 HJ 47 206 2. 168 
Gram scale 62 51 4 1 154 1. 6 21 
Grain divider 46 42 32 120 1.263 
Probe 87 75 59 221 2.326 
--------------------------------------------------------------
'Fiqures based on mail survey of Iowa country elevators. 
2 Elevators with qreatP.c than 800,000 bushels storage 
capacity. 
3Elevators with betwe~ n 400,00 and 800,000 bushels stor-
aqe capacity. 
•Elevators with less than 400,000 bushels storage 
capacity. 
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Quality Determination Cost Comparisons 
How do the precedinq cost est imat es compare with the 
costs involved for the infra red liqht machine? Sinc e no 
actual cost f iqures have be e n developed for the use of the 
infrared light machine, all fiqures a nd estimates presented 
will be dependent upon th?. accuracy of the ass umptions used 
in determininq such costs. The amount and type of e qui p ment 
used was assumed to be the same as that used by soybea n proc-
essors in conventional q ra <l inq to the e xte nt that such eg uip-
ment was required in coniun c tion with the infrared light ma-
chine. Also, the size loa <l repr cs e nt eJ ny each sample testerl 
vas assumed to be the sa me size d S the a vera ge load size 
sampled by the processo r s . As stated in the previou s section 
this load size wa s 542.24 b u s hels . The vari a ble cost fo r op-
eratinq the machine was 12 .5 cents per sample analyzed, 
therefore, if the time required to operate the machine were 
five minutes th?. operatinq cost wo uld be 0 . 023 1 cen t s per 
bushel. If ve assume it took five minutes to collect the 
sample, the labor cost would be 0 .0384 cents per bushel . 
Depreciation allowances for sample collecting equ ipment woul d 
also have to be considered . Tabl e 43 ~hows that thP averaqe 
processor own s 0.85 mechan ica l sampl er~ and 1.85 p~ohes . 
Depreciation allowan ces for these two kind s o f sample 
collection equipment would be $177.50 per year. Since the 
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averaqe size of the reportinq processors was 8,677,500 
bushels crushed per year, t his fiqure would amount to 0 .0020 
cents per bushel. The tot a l cost tor s amplinq equip ment , 
sa•ple collectinq labor and machine operating labor would be 
0.0635 cents per bushel. 
The only costs yet to be considered ar e depreciation 
allowances and repairs for the infrar ed lig h t machine. As 
stated earlier, the estimated procureme nt cost for the ma-
chine is between $5,000 an d $15,000. Se tting procurement 
cost at $10,000 and us inq fi ve years as the lifetime of the 
aachine, ve could arrive at a depreciation c ost $2,000 per 
year usinq straiqht-line depreciation. If we assu~e that t he 
averaqa processor do es not vant the cost of quality determi-
nation to exceed 0.228 cents per bushel (the a verage cost per 
bushel for all processors) , v e can then determine hov many 
bushels the processor must handle in order to keep costs 
equal to or belov 0.228 cents per bushel. Solving the equa-
tion 0.228X = 200,000 + 0.635X produces an X equal to 
1,215,805.4. This result implies that if a processor han d les 
aore than 1,215,805.4 bushels of soy beans, his c ost of quali-
ty determination will be less than 0.228 cents per bushel. 
The fiqure of slightly over one aillion bushels is di-
rectly related to the amount of depreciation allowed for the 
infrated liqht machine. If this figure was reducerl to $1000 
per year, the resultinq equation to be solved would be 0.228X 
1 ). 1 
= ioo,ooo • 0.0635X. This implie8 the soybP.an processor 
would have to handle 607,902.7 bushels of so ybea ns in order 
to achieve the 0.228 cents per bushel quality determination 
cost. The form of the above equations implies there would be 
economies of scale in soybean quality determination with thP. 
infrared liqht machine. Such economies of s cale were s hown 
to ezist presently with !ova qrain elevator s . 
We are assuminq in th~se estimates that the processor 
vill choose one or the other method of quality determination. 
That is, if he chooses to use the infrared light machine, he 
vill not perform the usual gradinq procedures. We are 
indirectly assuaing that the pcocessor is indifferent toward 
which type of quality information he is supplied with. That 
is, he does not prefer knowing oil, protein and moisture con-
tent over knovinq the factor levels for the present soybean 
qradinq factors, and vice versa. 
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SOYBEAN QUESTIONNAIRE RESULTS 
The fiqures and calculations pres e nted in the preceding 
chapter, altbouqb en tirely dependent upon the assumptions 
used, tend to indica te that quality determination by use of 
an infrared liqht machine cou ld be as economical as present 
quality determination practices . The basic question arises 
as to whether or not the information supplied by the infrared 
light machine determination is as worthwhile an1 significant 
to the member s of the marketing system as the present 
practice of so ybean gradin g . In order to ascertain th~ 
answer to this question, various member s o f the s oyb ean 
marketinq system vere s urveyed. Several r e f e rences have al-
ready been mad e to these s urveys. An e xample of the ques-
tionnaire s sent to p r ocessors and to Iowa country elevators 
can be found in Appendix E. 
Soybean Processor Questionnaire 
On e of the soybean processor question naire objecti ves 
was to dete rmi ne what quality characteris tics the proce ssors 
consider important d nd their relative ranking . It wa s al so 
used to determine processors • opinions on vario us quality 
factors a nd their r e ception to possibl~ chanq~s in t hP. 
soybean qradinq and ~ricinq sys t em. 
1lJ 
Pif ty-tvo soybean processors in the nine North-Central 
states of Indiana, Illinois, Iowa, Kansas, Kentucky, 
ninnesota, Missouri, Nebraska and Ohio were surveyed. Of the 
52 processors contacted, 32 replied to the questionnaire in 
one form or another. Of the 32 replies, 21 involved actual 
completion of the questionnaire. 
Twenty-one processors responded to the question, "Do you 
feel that test weiqht is an important determinant in quantity 
or quality of product output?" fourteen of the 21 responding 
processors, or 67 per cent, answered "Yes." Only 47.6 per 
cent responded ''Yes" to a similar question, "Do you feel that 
splits are an important determinant in quantity or quality of 
product output?" 
In order to arrive at the relative rankinq of soybean 
quality characte ristic s , the processors vere a s k e d to con s id-
er the follovinq quality characteristics--foreiqn material, 
oil content, splits, protein conteut, test weight, total 
damaqe, heat damaqe, moisture and black, brown and/or 
bicolored soybeans and then rank these characteristics in 
order of importance to the m a s soybean processors (one being 
the highest rank and nine beinq the lowest rank). Twenty 
processors responded to th e ranking que stion and produced the 
results presented in table 47. 
These results indicate d that processors place the high-
est relative i~portance on oil content and the lowest rela-
tive importance on s plits. The three 11uality characteristics 
determinerl by the inirarerl machine--oil, pro t e in, a n d 
moisture--vere also the hi yhes t three c haracteristic s in the 
relative rankinqs. Of the nine cha racte rist ics inc luded in 
the rankioqs, only oil and prot e in were not part of the 
present soybean qradinq system. This fa ct i s quite disturb-
inq when you consider that these two quality factors ha d the 
hiqhest averaqe rank. Althou g h the averaqe rdnk for protein, 
l.JO, vas qreater than th e dveraqe rank for moisture, 3 .35, 
the difference wa s not siqnificant at the 95 pee cent 
confidence level. Table 48 qi ves a complete li s tin q of t hose 
quality characteristics which had mean values statistically 
qreater than the other qudlity c haracteristics. The results 
presented in tables 47 and 48 indicate that oil, protein, 
moisture and foreign matP.rial are tbe most important quality 
factors to the processors, vhile test weight, color and 
splits are the least import a nt. 
Since processors ranked oi l a nd protein content as the 
two most important qu~lity fac tor s , the que~tion nov arises 
as to whether or not p r ocessors wo ul d be willinq t o bu y 
soybeans on an oil and prote in cont e nt basis . To ansve r this 
question the processors were asked, ''Would you be wi lling to 
buy soybeans on an o il a nd protein basis if a fas t, econo mi-
cal, and reli a bl e method o f oi l a nd protein determination was 
available?" Thirtee n of the 19 processors who respondP.d to 
this question, or 68 .4 per cent, a ns wer ed ''Yes." 
12 5 
Table 47. Statistical meds ures resultinq fro~ s oybean 
processor response to rankinq quest iont z 
Characteristic . 
Averaqe 
rank 
Standard Coefficient 
Variance deviation of variation 
---------------------------------------------------------------
Oil 2.50 J.526 1.870 75.12 
Protein J.30 J . 379 1. 83 8 55 .69 
Moisture 3.35 3.08 2 1. 75 6 1) 2 . 4 1 
Foreiqn 111aterial 3. 85 4.4 50 2 . 109 54.77 
l:leat damaqe 4. , 5 2 . 13 4 1.461 35.20 
Total damaqe 5.15 3.082 1. 756 34.09 
Test weiqht 6.7 8 3. 18 4 1. 784 26. 33 
Color 7.90 1.990 1. 4, 1 17. 86 
Spl its 8 . 02 1 • 1 3 1 , • 063 13. 24 
---------------------------------------------------------------
•Fiqures based on mail s urvey of soybean processors in 
nine North-Central sta t es. 
Zfor a description of the statistical measures used in 
this table and in ot he r seq me nts of the thesis, see 
Huntsberqer (16, chapter 2). 
126 
Table 4 8 . Listinq of statistically greater mean rankingst 2 
Test 
characteristic 
Oil 
Protein 
11oisture 
P'oreiqn material 
Heat damaqe 
Total damaqe 
Test veiqht 
Color:J 
Splits 
Quality characteristics with means statis-
tically qreater than test char acteristic 
Foreiqo material , heat da maqe, total 
damag e , test weight , color , splits 
Total damage , test weiqht, color , splits 
Total daraage , test veiqht, color , splits 
Total damaqe , test weight , color , splits 
Test weiqht, color , splits 
Test WPiqht , color , splits 
Color, splits 
No nP. 
None 
---------------------------------------------------------------
'Fiqures based on mail survey of soybea n processors in 
nine North-Central states. 
ZAll test s perf o rmed at 95 per cent confidence level. 
3 Refers to black , brown, or bicolored soy beans . 
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Country El e vator Questionna ire 
Iova elevator ~anaqers wer e asked the same question 
ceqardinq the rankinq of soybean quality characteristics. 
The results from the 172 elevators who responded to this 
question are qiven in tables 4q an~ 50. Foreign material and 
moisture were by far th e most important quality factors, with 
oil and protein content ranked last. 
The relative placement of the quality factors is quite 
different foe the Iowd count ry ele vatoLs when compared to the 
averaqe rankinqs reported by the soybean processors. The 
most siqnificant difference i s the relative placement of oil 
and protein content in the rankinq s . The reason for the dif-
ference in relative placeme nt of these two qua lity factors is 
best explained by the economic conditions that prevail in the 
present marketinq system . Althou qb soybea n processors prefer 
soybeans vith hiqh oil and protein content, no premium is 
paid for soybeans which possess these qualit y c haracteri s -
tics. Likewise, no disco unts are applied to lots of soybeans 
vitb lover than averaqe oil dnd protein content . On the 
other hand, processors do hav e discount schedules for test 
veiqht, moisture, splits, heat damage, total damage, and 
color. In addition, all foreign material in excess of o n e 
per cent is deducted from qross weiqht a nd not pairl for. 
Since the country elevator is subiected to these discounts by 
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the procP.s s or, the Al@.vator mus t place a grPat e r emphasis on 
those quality factors which are discounte~ . In l ater sec -
tions we will see that for e iqn material and moisture consti -
tute the hiqhcst <lollar firiures for discount s a nd dock.age . 
BecausP. of the hi~hly competitive nature of the cou ntry 
elevator busin e~s , these e lPVdtors pl ace a relatively g reater 
P. mphasis on moisture an<l forei<Jn mdterial co nt e nt s imply be-
ca use of the economics invo lved. Since soybe a ns that they 
sell to µrocesso r s , termin a l elevators , a nd e xp orte rs are 
subiect to discount, t hey reflnct this discount schedule to 
the produc~rs. 
In essence, the pronucer receives his p~ice s ignal from 
the country e l e vator, wh o receives hi s siqndl from the proc-
essor . So in d irectly, the processor is telling the farmer to 
pcoduce soybeans low in s plits, damage, moisturP and foreiqn 
materidl and hiqh in test weiqht. The producer receives no 
siqnal about oil and protein content, therefore, in an eco-
nomic context should p ldce no importan ce on producing 
soybeans hiqh in oil a n<l pcotein content. This is in dir~ct 
conflict vith the significance processors p lace<i on oil anci 
protein content accordinq to the rankin q quAs tion. This rle-
ficiency in the present soybean pricinq a nd qrad inq system 
can only b e averted by pricing soybeans on an oil and protein 
content bas i s . Only i n this way can the processors • quality 
desin~s he adt}quatel y tl"an :.>lated hack to t he tiroduc~r. 
Table 49. Statistical mea s ures res ulting from Iova grain 
elevator respon se to rankinq question' 2 
Characteristic 
Averaqe 
ra nk 
S tandard 
variance deviation 
Coef. of 
variation 
---------------------------------------------------------------
Poreiqn material 1. 8 90 1. 65 4 1.286 68. 07 
Moisture 1. 8 95 1.638 1.280 6 7. 53 
Total damaqe 4.064 1. 94 3 1.394 34.30 
Test veiqht 4.677 2. 94 9 1. 71 7 36 .72 
Heat damage 4.785 2.860 1.691 35.34 
Splits 5 . 724 3.077 , • 75 4 30 . 64 
Color 6.459 J. 911 1.978 30.61 
Protein 7.721 1. 851 1. 36 1 17. 62 
Oil 7.779 2 .0<}1 1 . 4 4 6 18. 59 
---------------------------------------------------------------
'Piqures based on mail survey of rowa country elevators . 
2 For a description of the statistical measures used in 
this table and in other seqments of the thesis, see 
Huntsberqer (16, chapter 2). 
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table 50. Listinq of statistically gredter mean rankings• 
T~st 
characteristic 
Quality characteristics with means statis-
tically greater than test characteristic 
---------------------------------------------------------------
Foreiqn material 
P'loisture 
Total da11aqe 
Test veiqbt 
Heat damage 
Splits 
Color 
Protein 
Oil 
Total damaqe, test veiqht, beat damage, 
splits, color, protein, oil 
Total damaqe, test veiqht, heat damaqe, 
splits, color, protein, oil 
Test veiqht, heat damaqe, splits, color, 
protein, oil 
Splits, color, protein, oil 
Splits, color, protein, oil 
Color, protein, oil 
Protein, oil 
None 
None 
-------------------------------------------------~------------
lFiqures bdsed on mail survey of Iowa country elevators. 
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Before we can recommend soybedn qrad inq and pricing on 
oil and protein content, we must b e sure that the introduc-
tion of such a chdnqe mePts with the aµproval of the members 
of the marketinq s ystem . An e lementary test of this 
workability criteria WdS presented in the form of a survey 
question on both the country e levator a n d the so ybean proces-
sor questionnaires. One hundred and sixty-nine elevators re-
sponded to the question, "Would you be willinq to buy 
soybeans on an oil and protein basis if a fast, economical, 
and reliable method of oil and protein determination was 
available?" One hundred and three, or approximately 61 per 
cent of the elevators, answered the ques tion "Yes." This 
fiqure compares with the 68.4 per cent 11 Ye s" response from 
the soybean processo r s . 
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ANALYSIS OF SOYBEAN PRICES AND DISCOUNTS 
The results presented in the preceding chapter relied on 
the questionnaire methoJ to deter min e de mdnd fo e the vari ous 
quality factors. This method of demand analysis is somewhat 
limited, however, in that it fails to provide a quantitative 
measure of the various q uality fa c tors as they r e late to 
price. The following section deals vith the statistical 
analysis of prices and d i scounts foe so ybeans. 
Gross Price Minu s Discounts 
Since qrade factor levels for the 19q fd ll harv est 
samples wer e known, we can de ve l op qross price minus discoun t 
values by fol lowi nq the sta ndarrl proce~-> sor discount scale. 
There are at l e a st two sets of economic fo rces ope r ating 
in the establishment of soybean prices. Th e bas i c 
supply-and-demand forces determine the averaqe or general 
level of prices, and the demand and supply of the va rious 
quality factors detecminP whether the particular lot in ques-
tion will hav e a sellinq price abov e or below this qeneral 
leve l of prices. 
In arrivinq at a q ross price minus rliscount value, the 
qene ral pricP level for soybeans wa s assumed to be three 
dollars per hushel. By assiqning the sa~e qen e ral price 
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level to all sample lot s of soybed11s , e xoge nous a nd 
e ndoqe nous variation s in the bas i c s upply-and-demand forces 
are eliminated and full atte ntio n can be placed on prices 
relative to quality factor lev e ls. The gross price lev e l of 
three dollars per bushel was a r ealistic l e vel that ma~e for 
easy calculations a nd co ~p a rison s . Any other r ea listic g ross 
price could have been used. Discounts were based o n the 
processor discount schedule. All g radin g or quality fa c t o rs 
present on t he disco unt schedule, wi th the exce pt ion of for -
eiqn material, are s tat ed in term s of cents or fractions of 
cents per bush e l dc co r di nq to the factor l e vels . Po r e i qn ma-
terial is treated o n strictly a per centaqP. bas is, vi th all 
foreiqn mat e rial in excess of o ne per cent deduc t ed from 
qross veiqht and not paid for . 
Usi nq the three dollars per bushel gross price and the 
processor discount schedule, the a verage va lue for the 19 9 
producer deli vered harvest sampl es va s $ 2 . 9866 . Values 
ranqed from S3.00 per bu s he l to a lov of $2 .75 per bushel . 
Sixty of the 199 samples we r e s ubiect to price discount or 
veiqht dockaqe. Sa ven sa~ples were discounted for tvo q ua li-
ty factors. Uf the total 199 samples, 22 were subiect to 
moisture discounts , t wo to test we i ght dis counts, fi ve for 
splits discounts, and 38 we re s ub ;ect to doc kaqe due to for-
eiqn material . The a vecaqe d i sco unt for all 199 sa mples was 
1. 34 cents per b ush e l. Of the 60 samples actually 
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discounted , the averaq@ dis count wa s 4.4 3 ce nt s per bushel. 
Foreiqn material accounted for 51.01 per cent of total 
discounts, vith moisture accountinq for 47.96 per cent. 
These two factors together accounted for 98.97 per cent of 
discounted value. Test veiq ht anrl splits discounts made up 
the remainin q 1.03 per cent . 
Aqain usinq processor scale discounts and three dollar 
soybeans, gross price minus discount values vere de veloped 
for the 124 processor a nd terminal elevator sa mples . These 
samples had an a veraqe value of $ 2 .989S. Fifty-one of the 
124 samples, or 41.1 per cent, we re s ubject to pric~ 
discounts or veiqht dockaqo . Only two of the samples wer e 
subiect to discount on mor e than one q11ality factor. In ag-
qreqate, two samples v ere sub;ect to moisture discounts , one 
sample was sub;ect to Jiscount because of heat damaqed 
kernels, one sample was di s counted due to total damaged 
kernels, and 4q samples were s ub; ect to weiq ht dockage be-
cause of excess foreign material. None of the 124 samples 
were discounted for splits or for te5t weight. The average 
discount for all 124 samples was 1.05 cents per bushel. Of 
the 51 samples actually discounted, the average discount was 
2.55 cents per bushel. Foreiqn material accounted for 93.09 
per cent of total discounts. Moisture, heat damaged kernels 
and total damaqed kern e l s accounted for 3 . 84 per cent , 2.30 
per cent, and 0.77 per cent of total discounts , respectively. 
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T b es e res u l ts i mii ca t t h .i t f o rt"' j q n m d t P r L.1. l w ct s th e 
most important ~udlit y f ' ctor infl11Pnc1nq pr ic e <\t both thP 
country elevator l evel dnd the processor rtnn terminal 
elevator level. It i s int drest inq to not~ that moisture con-
tent is also an importan t dete rmindnt of price at the country 
elevator leve l, but i s not nearly as important at the proces-
sor an d terminal elP vator le vel of tbe marketing chdnnel . 
Since none of th~ µ ro ~ u cer deliv~red samp lPs co ntained 
ei ther hea t ddmdqed k cr n ~ls or t ota l da maged kPrnels, t he ir 
import a nce in quality prier de t ermination at the country 
ele vator l eve l i s ins1qniricant . Howev e r, these two qua lity 
facto rs did account for J. 0 7 per cent of total d iscounted 
value from the pr ocessors and t ermi nal e l e vator data . I n 
contrast , splits an J test we i qh t accounted for 1.03 per cent 
of total d i scounted value from the producer delivered sampl es 
but werP not discou11t~n at t he processor a nd ter mi nal 
eleva to r l e ve l. These results could he P xpcc t ed when one ex -
a mines the qua lity chdractrr i stic rlistributions presented 
edclier . The blendinq or poo l ing effect on d i str ibution for 
sp lits and test veiqht tends to eliminatP both the e xtreme 
biqh and l o w va lues . The sa mples variances presented earlier 
e xplain why a cP.rtain perccntaqe of samp l es will be 
discounted at the co un tr y eleva t or lev~l; but aftPr pooling 
dnd bl e ndi nq , these d i scounts are avoijed at the processoc 
a nd terminal e l~ vator l ~ vPl. The ol.isco unt schPrlUlP.s for 
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splits and test weiqht are such thdt only a small percentage 
of production vill actually be discounted . After pooling and 
blendinq the per cent discounted for these two factors would 
be expected to decrease due to the smaller sample distribu-
tion variance. The same type of reasoning applies to the 
decreased importance of moisture discounts as one moves from 
one level of the marketinq channel to another. The re~son 
for the more drastic reduction in value of discounts for 
moisture is explained by the fact that the moisture discount 
schedule is more se vere in cents discounted per bushel rela-
tive to the splits and test veiqht scales. 
The most important quality factor in determining soybean 
price, foreiqn material, presents an interesting comparison 
between country elevator pricing and processor and terminal 
elevator pricing. Only 19.10 per cent of all producer 
delivered samples were discounted for excess foreign materi-
al. This compares with th e 39.52 per cent discounted for the 
processors and terminal elevator samples. Of the samples 
discounted for excess foreiqn material, the average discount 
per sample was 2.47 cents per bushel for the processors and 
ter•inal elevator samples and 3.57 cents per bushel for the 
producer delivered samples. This implies that a larger per-
centaqe of samples were discounted but the average discount 
per sample was s~aller as one moves from the country elevator 
to the processors and terminal elevato~. The increase in the 
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percentaqe of samples discounted for foreiqn Mat e rial at the 
processor and terminal e levator level can he e xplained by the 
statistically siqnif icant increase in mean foreiqn material 
content as one ~oves from country elevator to processors and 
terminal elevators. On th @. other hand, the bl e ndinq and 
poolinq functions decrease the amount of variation thereby 
reducinq the number of extreme values in foreign material 
content and therefore decr easing the av era qe or mean value of 
foreiqn material discount. It is also interesting to note 
that foreign material comprised 51.01 per cent of total 
discounts at the country elevator level and 93.09 per cent of 
the discounted value at the processo r and terminal elevator 
level. This increased percentaqe wa s not due to a relative 
increase in for e iqn mater i al discounts but rather to a de-
crease in the maqnitud e of other factor discounts, notably 
moisture. 
Recallinq the relative quality characteristic rankings 
presented earlier, it is easy to see why local elevators 
placed such a larqe emphasis on foreign material content and 
on moisture content. Thes e two fdctors constituted by far 
the larqest influence on prices the country elevator paid and 
received for soybeans. 
The numerical qrades for soybeans should indicate the 
relative value o f the soybean samples. That is, number 2 
soybeans should be more desirable than number 3 soybeans, but 
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:;houlcl he lP~:> \Psitdhl•• t.h-in · ;oyh~ ,.\ n:; qr.t•linq 1111mlH•r 1. ThP 
rndrket ·lesit·ahLlity of th <' ~,oyli~a11 qrdd •~~ »hould tH" Lt~Llt-> c: te 11 
h y market p1:ices. 
be priced hi qhec thdn soybe ans graded nurnbec 3, but lower 
than those qraded number 1. 
one test f o r the r ele vancy of num~ric~l grade classifi-
cations is how accurately the numerical qranes follow rank-
orderinq with r e spect to pr ice. Usinq the 199 fall harvest 
samplPs and three dollar soybeans , the me an values for number 
one, number two , number- thr:-eP, n11mbec four and s.imple qrade 
soybea n s were found to b0 $3 . 00, $2.9827, $2 . 9470 , $2. 8 723 
and $2.7 805, respectively. lJ s i n q mean v a 1 u P. s as the ti-~ st 
cr iteria, the num e ri cal qra d Ps for soybeans do e xhihit rank-
orderinq. However , rank-orrleI:"in q was not perfect when indi-
vidual sample price s betwee n qrades were examined. All 122 
samples that qraded number one were priced at $3 .00 . The 56 
samples qraded number two ranqed in value from $J . OO per 
bushel to $2.941 per bushel. Likewise, samples g raded number 
three ranqed from $2.9~7 5 to $2. 8 5. Eleven of the sixteen 
samples qradad numhRr three exceeded thR $ 2 .941 per bushel 
price of the lowPst priceJ number two sdmple. 
Theoreticilly it wou ld he µossible to have d sa mple of 
soybean s qradinq num ber tw o with the follo\lfinq factor leve l s: 
test weiqht equal to 54 pounds pe e bushPl, m oi ~ture equal to 
14. 0 per cent, 20 p~r c~nt splits, J.O pe~ cent tot~l damaqed 
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kernels, 0.5 per cent heat damaqed kernel s , 2.0 per cent for-
eiqn material, and 2.0 per cent hrovn, black, and/or 
bicolored soybeans . Such a sa mple would b e subject to a five 
cents per bushel moisture d iscount, a one cent per bushel 
total da11aqed kernel discount, d one-half cent per bushel 
other colors discount, and a three cent discount resulting 
from veight dockaq e d ue t o excess forei g n material. Assuming 
three-dollar soybeans, the discounted value of this theoreti-
cal sample would be $2.905 pe[' bu shel. In contrast, a sample 
containinq 30.1 per cent splits and qrading numbe[' one in all 
other factors would have a discounted value of $2.9925, but 
vould be qraded numbe[' four. In this respect, the numerical 
qrades for soybeans are a poor predictor of ne t price. 
With this problem in mind soybean processors vere asked, 
"Would you be villinq to buy soybeans on strictly a factor 
basis, omittinq numerical grade classifications?" Twelve of 
the 19 processors who responden to the question, or 63.2 per 
cent, answered "Yes." 
Total Product Va lue Pricing 
It has been stated previously that oil and meal are the 
primary products of the soybean seed. In the preceding anal-
vsis price vas based on the gene['al supply a nd demand condi-
tions, assumed to re s ult in three dollar soybeans, and on any 
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price disco unts. In order to Pstablish a more accurate 
product value for soyheans, two pricinq models vere devel-
oped. The so ybean valuP s in the models are based on oil and 
protein content . They ha ve bee n namerl the sim ul a t ed process-
inq ~odel dnrl the direct r.omputation mo1el. 
The simulat ~d processi uq mo riel rleterminf!s the valu e of a 
60 pound bushel of soyheans hy f ic s t determinin q th e value of 
oil and meal i t1 each of th e 47 samples . ThP. direct computa-
tion model on the other hand computPS the bushe l value of 
carhohydrates as well as protein and oil. The carboh ydrate 
content in the latter monel wa s derive~ by subtracti ng the 
sum of the oil, protein and ash percentages from 100 per 
cent . Tbe a s h content of the samples was assumed to have no 
siqnificant v a lue. All calculations we re computed on a dry 
matter basis as refl ec ted b y th e OM v ar:iahle in th e morlel. 
The t wo mod els are present ed in table s 51 a nd 52 . 
The constant valu es , XLO~, CMOIS , and AOR , in the simu-
l a ted processinq model were based on averages reported by 
processors in the so ybean processor questionnairP . The c on-
sta nt SPMPD was introd uced into t h e mode l to allo w for va ria-
tions in total valu e d ue to variation s in per cent prot e in 
meal . SBMP is based on 44 per cent protein meal. SBMPD is a 
premium concept implying t ha t mea l over 44 per cent protein 
will receive an additional . 06 cents for each one per cent in 
excess of 44 per cent protein. This implies that 50 per cent 
meal is worth . 36 cents mo re per pounn than 44 pee cent ~eal. 
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Table 51. Simulated processing model 
---------------------------------------------------------------
XOR (i) 
XMR (i) 
TPA(i) 
XPPM(i) 
Vrt ( i) 
VO ( i) 
TVP (i) 
XOR (i) 
AOIL (i) 
XMR (i) 
TPA(i) 
APRO (i) 
XPPM (i) 
VO (i) 
v,. ( i) 
TVP (i) 
XLOS = 
TW = 
CMOIS = 
AOR = 
SBMP = 
SBMPD = 
SBOP = 
Relationships 
= TW x CMOIS x AOB x AOIL(i) 
= TW - XLOS - XOR(i) 
-= TW x CMOIS x APRO (i) 
= (TPA(i) I U\R(i)) x 100 
= (Xl'lR(i) x SBMP) + (((XPPM(i) 
= XOR(i) x SBOP 
- 44.) x SBMPD x UIR(i)) 
= Vf!(i) + VO(i) 
Identification of variables 
= Pounds of oil recovered from 60 pounds of soybeans 
from the i th sample. 
-= Oil content, dry matter basis, for tbe ith 
Expressed as a fraction. 
= Pounds of meal recove['ed from 60 pounds of 
from the ith sample. 
= Pounds of p['otein available in 60 pounds of 
from the ith sample. 
= Protein content, dry matter basis, for the 
Expressed as a fraction. 
= Pe[' cent protein meal for the ith sample. 
= Value of oil for the ith sample. 
= Value of meal fol:' the ith sample. 
= Total value of pro ducts for the ith sample. 
Identification of constants 
Processi ng loss. 
Sixty pounds. 
One minus averaqe moisture content. 
Averaqe oil recovery. 
Price per pound for 44 per ~ent protein aeal. 
Soybean meal price differential. 
Price per pound for soybean oil. 
sample. 
soybeans 
soybeans 
ith sample. 
---------------------------------------------------------------
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Table 52. Direct computation model 
---------------------------------------------------------------
POA (i) 
PPA (ia 
PCl ( i) 
VO ( i) 
VP ( i) 
vc ( i) 
TVP(i) 
POA (i) 
AOIL(i) 
PPA (i) 
APRO(i) 
PCA ( i) 
VO ( i) 
VP ( i) 
vc ( i) 
TVP(i) 
OM = 
SBCP = 
SBPP = 
SBOP = 
AS H ::: 
= 
= 
= 
= 
::: 
= 
::: 
= 
= 
-= 
= 
= 
= 
= 
= 
= 
Relationships 
AOIL (i) x OM 
APRO (i) x Dl'I 
DM - PUA ( i) - PPA(i) - ASH 
PO A (i) x SBOP 
PPA (i) x SBPP 
PCl (i) x SBCP 
VO (i) .. v p ( i) + vc ( i) 
Identification of vaciahles 
Pounds of oil available fr o m 60 pounds of soy beans 
from the ith sampl e . 
Oil content , dry mattec ba s i s , for the ith sample. 
ExprP-ssecl as d fraction . 
Pounds of protein a vailahle from 60 pounds of soybeans 
f rom the ith samPle. 
Protei n content, dry matter basis , for the ith sample. 
expre ssed as a f raction. 
Pounrls of carbohydrate available from 60 pounds of 
soybeans from the ith sampl e . 
Value of oil for the ith s ample. 
Value of protein for the ith s a mple . 
Value of carbohydrate for the ith sample. 
Tota l value of products for the ith sample. 
Identification of cons tants 
Dry matt e r , in pounds per 60 pound bush~l . 
Soybean carbohydrate pric e pPr pound. 
Soybean protein price per pound. 
Soybean oil price per pou nd . 
Ash content in pounds per 60 pound bushel. 
---------------------------------------------------------~-----
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The results presented in table 53 indicate that the sim-
ulated processin g model qives a total value fiqure a pproxi-
~ately five cents per bu s ha l high er than the direct computa-
tion model. The mean total value of the 47 producer 
delivered samples wa s $3.346 us in q the simulated processing 
model. Values for these 47 samples ranged from a high of 
$3.472 per bu s hel to a low of $3 . 271 p~r bushel . The mean 
value for the 72 SRS samples was $3 . 290 using the simulated 
processinq mod e l. Values ranyed fro m $3 . 383 to $3.160 per 
bushel. The diffe r ence bet ~ P.en thP two totdl value means 
usinq the simuldt~d process inq morlel was fou nd to be 
statistically significant at the 95 pe r cent conf i de nce leve l 
since the calculated t of 7 . AA7 e xceeded the tabular t v a lue 
of 1.9 8 . The to t al val ue sa mpl e v a r iances we r e no t found to 
be statistically dif ferent . Th e mea l values for the two 
samples were almost identical, with the harvest samples 
havinq a mean meal val ue of $ 1. 929 a nd the SRS samples havin g 
a mean meal va lue of $1 . 930. The difference between th e two 
total value mean s wa s ca usRd by the differe nce between th e 
mean oil values for th e two sa mpl es . The producer delivered 
samples had a mean oil va lue of $1 .417, while t he SRS sam ples 
had a mean value ot $1 .J oO . Recdl linq the c om parison bet ween 
oil and protei n con tent values for th e t wo sourcP.s of data 
pcesented earlier , the above results ace not surpri sing . The 
earlier comparisons showed protein content for the two 
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sources of data to be statistically equiva lent, while mean 
oil content from the produce r delivered sample s was found to 
be statistically qreater than mean oil content from the SRS 
samples. With these comparisons in mind, it is not 
surprisinq that mean oil va lue for the producer delivered 
samples exceeded mean oil value for the SRS samples. These 
differences in total product v lues emphasize the need for an 
equitable soybean qradinq and pricinq system whereby 
producers and handlers of soybeans rece ive prices that re-
flect actual product valu~s . 
Recallinq that the SRS s amples were collected from the 
entire state while tbe producer delivered samples vere col-
lected from a much smaller area in North-Central Iowa, it is 
not surprisinq that the SRS samples exhibited a larger vari-
ance and larqer ranqe values . 
The medn total value for the 47 producer delivered 
samples using the direct computation morlel was $3.299 per 
bushel. Values ranged from $3.413 to $J . 215 . The mean total 
value for the 7 2 SHS samples was $3.241. Values ranged from 
$3.363 to $3.123. The diffPrence between the two total value 
means vas foun d to be s tatistically significant for this 
model as well. Once aqain the SRS samples had larqer vari-
ances and larqer ranqe values then did the producer deliverea 
samples. 
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Table 53. Totdl value of products for producer delivered 
and SRS salllplos 
Producer delivered SRS 
Simulated Direct simulated Direct 
processinq computation processing computation 
Meal or protein 
Mean 
Variance 
Ranqe 
% of total value 
Oil value 
Mean 
Variance 
Ranqe 
% of total value 
value 
1.9290 
.0010 
.1480 
57.6500 
1.4170 
. 0020 
• 1940 
q2.3500 
Carbohydrate value 
Mean 
Variance 
Ranqe 
% of total value 
Total value 
Mean 
Variance 
Ranqe 
Coef. of Deter. 
3.3460 
.0011 
.2010 
1.0010 
1. 2 2 60 
.0007 
• 1300 
31. 1600 
1. 6 7 90 
.00 29 
.2300 
50.8900 
• 3950 
.0001 
.OS HO 
11.9700 
3.2990 
.0014 
.1980 
1.1440 
1.9300 
.0032 
.2560 
58.6600 
1.36 00 
.0039 
.2870 
41.3400 
3.2900 
.0016 
.2230 
1.2290 
1. 2 220 
• 0023 
• 2230 
31.1000 
1. 6110 
• 0054 
• 3400 
49.7100 
• 4080 
.0002 
• 0720 
12.5900 
3.2410 
• 0021 
• 2400 
1. 40 20 
-------~-----------------------------------~-----------------
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A com pa r i son l> e t w e e 11 t Ii e t w o 111 o cl e l s s ho w s t h e s i mu l d t ed 
pcocessinq model producinq hiqhPr mean total values . Howe v-
er, the direct computation model had larqer variances, larger 
ranqe values and larqer coeff i ciPnts of vdriation . 
These two models were de veloped not as pilot systems for 
oil and protein pricinq, but rath e r to establish a ttmore ac-
curate" product value fo r a sample of soybeans . The values 
developed from th ese two models e nabl e us to compa r e oil and 
protein pric i nq with the sta ndard soybean pricing system . 
Th e sample correlation coefficient between net disco unt ed 
value (usin q three Jollars as the qross soyhean price) and 
o i l and protei n value from the simulated processinq model was 
+0.3 6 6. The sampl e corre l ation coefficient betwe en net 
discounte d value and o il, protein and carbohydrate value from 
the direct computation ~od e l was +0.303. The relatively low 
values for the correlati on coefficien ts imply that the 
present soybean pricinq s ystem is pocrly cor r elated to the 
actual oil an~ meal value of the s oybean s . 
U s in q t hf> ch i - sq u a r e t e s t f o r q o 0 1 l n es s of f i t i t w a s 
found that t otal value fo r the producer del ivered samples a nd 
the SRS samples fol lowPJ a normal distribution for both th f> 
simulated process in q model ~ nd the direct computation model . 
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Sensitivity Analy s i s For Total Product Models 
The tvo model s we re use d to develop t o tal product values 
for both the prod uce r delive r ed ha rvest samples and the Sta-
tistical Reporting S e rvice sam p l As . Table 54 shows the 
effect of chanqes in the ''constant" parameters upon meanr 
vaciancer and ranqe for oil Vdlu e , medl value, a nd total 
valuer usinq the s imulated proces:. inq mod e l on the 47 
chemically analyzed produce r rtelive red samples. Similarly, 
table 55 shows th e chanq es i n values us inq the direct compu-
tation model on th e same p r o duce r de liv e red sa mples. For the 
sake of simplicity only on e s e t o f values for the constants 
was used for e a ch mode l in the pr e c e ding analysis . Tables 54 
and 55 will qive som e in s i q ht into the effects of changes on 
the constants as they rel a t e to o il value , me al valuer pro-
tein value, carhohydrate v a lu e , a nd total v a lu e in the tvo 
models. The particular values used we r e ba s ed on realistic 
present-day pric e s a nd process inq proc@ dures . Th e values 
used in the preced inq s imulaterl p r o c e ss inq a nalysis of t o tal 
product value are presented in co lumn s ix of table 54. The 
set of values us ed in th e direct computati on model are those 
presented in column on e o f table 55 . 
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us inq si mul dte<l µrocpssinq model 
1 2 3 4 5 6 
Constants 
CMOI S . 8858 . 8050 • 0058 . A85tl . 88 5 8 • 88 58 
AOR . 9 160 • 9 1b0 • q 160 • 91 6 0 • 9 16 0 .9160 
XL OS 1.70 00 1. 7 00 0 1. 7 000 1.7000 1. 7 00 0 1.7000 
SBMP . 0392 .0366 . 0 41 0 . 0 192 . 0 392 .0392 
SBMPD .000 7 • 0 00 6 • 0006 • 00 06 .00 0 6 .0006 
SBO P • 1300 • 130 0 • 1 JOO • 11 00 • 1400 • 1300 
l'lea l value 
Mean 1. 9 41 0 1. 806 0 2 . 0 14 0 1. 9290 1. 9 29 0 1. 9290 
Variance . 00 12 • 001 0 . 00 10 • 00 1 0 . 0 01 0 . 00 10 
Ran qe • 16 8 0 • 1 46 0 • , 490 • 1 480 • 148 0 • 14 8 0 
Oil value 
Me an 1.4170 1.4170 1.4170 1 . 1 'J90 1. 52 6 0 1.417 0 
Variance . 0 0 20 • 0 0 20 • 0020 . 00 1 5 . 0 0 2 4 .0020 
Ranqe • 194 0 • 1 9 4 0 • 194 0 • 16 4 0 . 20'10 • 19 4 0 
To t a l value 
!'lean 3. 3580 3 . 2 230 J . 4 3 10 J .1 2ti0 3 .4550 J. ) 4 60 
Var iance • 0013 . 00 1 2 • 0 0 11 . 0008 . 00 13 • 00 11 
Ranqe • 2 150 • 2 0 5 0 • 1990 • 17 40 . 2 1 5 0 . 2 01 0 
---------------------------------------------------------------
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Table 54. (coutinu~d) 
---------------------------------------------------------------
7 8 1 0 1 1 1 2 
constants 
CMOIS .8858 .9000 • 8858 • 88 58 .8858 .a050 
AOR • 9160 .9160 • 8960 .9360 • 9160 .9160 
XLOS 1. 7000 1. 7 00 0 1. 7000 1.7000 1.5000 1.9000 
SBfllP • 03cn • 0 392 • 0392 .0392 • 0392 .0392 
SBMPD .0006 .o 006 .0006 • 00 06 .0006 .0006 
SBOP .1500 • 1300 .1300 .1300 • 1300 .1300 
Meal value 
Kean 1.9290 1. 9q90 1.9320 1.9260 1.9310 1. 9 2 60 
Variance .0010 .0011 .0010 .0010 .0010 .0010 
Ranqe .1480 • 1510 • 1480 .1480 • 1480 • 1480 
Oil value 
t1ea n 1.6350 1. 4 40 0 1. 3860 1. 44 80 1.4170 1. 4170 
Variance .0027 • 0 021 • 0019 • 00 21 .0020 .0020 
Ranqe .2240 • 1970 • 1900 .1980 • 194 0 • 1940 
Total value 
Mean 3.5640 3.3880 3.3180 3.3740 J.3480 3.3430 
Variance .00 15 • 0012 • 0011 .001 2 • 0011 .0011 
nanqe .2280 • 2050 • 1980 • 2050 • 20 10 .2020 
---------------------------------------------------------------
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Table 55. Value of prod ucts for p r oducer deli vec~d samples 
usinq dicect computdtion model 
l 2 J 4 5 
Constants 
Ash 2 .6400 2 . 6700 2 .7000 2.6400 2 .6400 
DM 52.8000 53.4 0 00 54.0000 52 . 8 000 52 . 8000 
SBCP • 0 240 . 02 4 0 • 0240 • 0 270 . 0210 
SBPP .0 560 . 0560 • OS60 . 0560 • 056 0 
SBOP .1 420 • 14 20 • 1420 • 1420 • 142 0 
Oil value 
Mean 1. 6 7 90 1. 6980 1. 7170 1.67<}0 1. 6 79 0 
Vaciance .0029 . 0029 • 0030 • 0 029 • 0 029 
Ra nqe .2300 • 23JO • 2350 . 2300 • 2JO 0 
Protein value 
rtean 1. 2L60 1. 2400 1. 25 4 0 1. 2 260 1. 2260 
Variance • 0007 . 000 7 . 0007 . 0001 • 0 007 
Ranqe • 1 JOO • 131 0 • 1330 • 1300 • 130 0 
Carbohydrate va lue 
Mean . 3950 . 39')0 • 4040 . 4440 . 3450 
Variance .0001 . 0001 • 000 1 .0001 • 000 1 
Ranqe . 0580 . 0590 • 0600 .0660 • 0510 
Total value 
Mean 3. 2 <}9 0 J . 33 7 0 3 . J740 3.3490 3 . 2 50 0 
Variance . 00 14 . 0014 • 00 1 5 . 0014 . 0015 
Ranqe .1 980 • 19 90 • 2020 • 1 900 • 2 04 0 
---------------------------------------------------------------
Table 55 . (con tinued) 
6 7 8 q 
Constants 
A SH 2 .1>4 00 2 . 6 4 00 2 .6400 2 . 6400 
OM 52 . 8 000 5 2. 8 000 52 . 8000 52.AOOO 
SBCP .0240 . 02 40 .0 2 40 • 0 240 
SBPP • 0 520 .0600 .0 560 • 0560 
SBOP .1420 .14 20 .1320 • 1520 
Oil value 
Mean 1.6790 1. 6 790 1.5600 1. 7 970 
Variance .0029 . 0029 .0025 .0033 
Banqe .2300 .2300 .214 0 • 24 60 
Protein value 
Mean 1. 1 380 1. 3 1 JO 1. 22 60 1. 2 260 
Variance .0006 . 0 0 08 . 0008 • 00 08 
Ranqe .1200 • 13 90 • 1 30 0 • 1300 
Carbohydrate value 
Mean .39 50 • 19 5 0 .3950 .3950 
Variance .0001 .00 01 . 0001 .0001 
Ranqe • 0 580 .0580 .0580 • 0580 
Total value 
Mean 3. 2 120 J.3 870 3.181 0 3 . 4 180 
Variance .0015 . 00 14 . 0017 • 0017 
Ranqe .1960 .2 000 .1830 • 2120 
---------------------------------------------------------------
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Adiu sted To tal Value Analysis 
The two models presented earlier defined total value 
product as a function of oil and protein content. The values 
developed from these two mo de l s werP a more realistic approx-
imation of tot a l value of th e s oybea n s amples than were the 
values developed from q ros s price minus discounts . However, 
these two models fail ed to inc lude the tvo most important 
pricinq factors in the pres e nt so yh ea n qrad ing system , namely 
moisture and foreiqn material . The simu lat ed pro cessinq 
model and the direct computation model ca l cu lated per ce nt 
oil and pee cent protein on a <lry matte r has is, thus 
eliminatinq individual sample variation in moisture content. 
Individual sample variation ca n be quite important in total 
product value as illustrated by the fo llowing e xampl e . Re -
calling that soybeans in e xcPss of 13 per cent moisture are 
discounted, it woul d be po ssib l e to have two non-discounted 
soybean samples, one containing 13 per cent moisture and the 
other 8 per cent moisture. If we assume that all other qual-
ity factors are ide ntical for the two sa mples, it can be i l-
lus trated that the sample co ntaining 8 per cent moisture is 
more valuable than th e sa mpl ~ containi n4 13 per cent 
moisture. The s ample that cont dins A per cent moisture has 
55 .2 pounds of dry matter p~ r ~ix ty-pou nd bushel of soy bea ns. 
The sample that contain s 13 per cent mo is t ure has only 52 . 2 
pounds of dry matte r per six ty- pou nrl bushel . Although the 
1s3 
sample that contains 8 per cen t mo i sture has more dry matter 
per bushel this d iff e rence i s no t recoqnizeJ in either th e 
present soybean pric in q s ys t em o r in the total value product 
models. If the tw o sample s we r e not disco unted for any other 
factors and if v e se t the qross price of so ybeans at $3.00 
per bushel, the sample c ontaininq 8 per ce nt moisture would 
be priced at 5 .434 8 cents per poun d of d ry matter. The 13 
per cent moistur e samp le wo uld b?. priced at 5. 7471 cents per 
pound of dry matt e r. This e xample implies that the sample 
that contains l~ss moi st ur e i s in f ac t un de rprice d and would 
be a better buy for the processor r elat ive to t he s ample that 
contained more moisture. Th i s e xampl e is depende nt upo n the 
assumption that moi s ture con t e nt does n ot appreciably a ffect 
processinq efficiency o r output. 
A similar typP of r easo ning also applies to foreig n ma-
terial. OvP.r 94 .4 per cent of the processors that responded 
to the soybean processo r question naire reported screening 
excess fo r eiqn mdtPrial from the so ybeans before processi ng. 
Since most for e i qn material i s remov ed before processinq the 
samples that contain lit tl~ or no fo r~iq n material are under-
priced relativ e to the samµles that contai n more foreig n ma-
terial but a r e not Yet d i sco un ted . 
In orde r t o allevia t e these possib l e total valu e varia-
tions due to ind ivi d ual sample vd riations in moistur e a nd 
foreiqn material content , a premium a nd discou nt schedule was 
developed for both q ra d ing factors . 
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The average moisture content for t he 47 chemically 
analyzed fall harvest samples vas 11.157 per cent. This im-
plies that there was an average of 53.3058 pounds of dry 
matter in a sixty-pound bushel of soyheans. The averaqe 
total Yalue of the 47 samples usinq th~ nimulated processinq 
model vas $3.346 per bushel . Dividing dVerage total valu e by 
averaqe pounds of dry matter yields an average price per 
pound of dry matter of 6 . 27 7 cents. A moisture premiu~ or 
discount for each sample vds then computed using the formula: 
moisture premiun or discount = (11. 157 - per cent moisture) 
x 60 x .06277, wher e 11.157 is averaqe moisture content, 60 
is pounds per bushel and .06277 is price per pound of dry 
matter. 
A premium and discount schedule for foreign material was 
computed in a similar fashion. Moisture premium or discount 
was equated with averaqe foreiqn material minus sample for-
eiqn material times 60 pounds times the average price per 
pound of dry matter in thP followinq equation : (.77 - per 
cent foreiqn material) x 60 x 0 . 0562 = foreign material 
premium or discount. 
The moistuce pr.amium or discount rtnd the foreign materi-
al premium or discount was added to the total valu e of prod-
uct s from th o simuldted proce~sinq morlel for the 47 producer 
delivered hdrvest samples . Th e adjusted mPan total value for 
the q7 sa~ples was $3. 345 8 per bushel . Th is figure is iden-
tical to the oriqinal total value for the s imulated process-
1')5 
inq model. The e quality o f thes e two d istinct mean total 
values is not surprisinq whPn one realizes that the moisture 
and foreiqn material premium s d nd discounts were constructed 
in such a manner that total pr ~ miums equalled total 
discounts. 
The siqnificance of tb e adiusted total value products is 
not in the mean value but rathe r in the vdriance or 
dispersion of the individu a l sample ne t values. The vari-
ance, standard deviation an d coe fficie nt of variation in per-
centaqe terms for the adjust ed t o tal va lues for the 47 
producer delivered sampl es we r e 0 . 00562 , 0.07497 and 2. 2406, 
respectively. These va lues we re s iqni f icantly higher than 
the values for the tot~l products -- s imulated processing--
values, 0.00112, 0.033 50 dn d 1.0013. rhese measures of 
dispersion imply a qredter variability in total value for 
samples tbat are priced o n oil, prot e in, moisture and foreign 
material when compdced to t he s ame samples priced only on oil 
and protein content. It shoul d be not~d howev e r, that oil 
and protein pricinq exhibit s a larger d ispe rsion th a n d oe s 
pricing on qross price 11inu s di s counts. 
Usinq the chi-square tes t for q ood ness of fit it was 
found that adiusted total value f o r the 47 chemically 
analyzed producer delivered harv e st s amples approximated the 
normal distribution. 
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SUMMARY AND RECOMMENDATIONS 
Tbe tremendous increase in the disposition and produc-
tion of soybeans in recent years has necessitaterl a critical 
evaluation of the soybean marketing sys tem. Grading and 
standardization serves as a facilitating function in the 
aarketinq operation. The purpos e of this research is to ~e-
termine the rele vancy and efficiency of the present soybe an 
qradinq system. 
The quality factors includ e d in t.h e oriqinal 1925 stan-
da rds a re the sa111e fa c tors r ecog u iz e d in 1972. These 
factors--moisture, test weiqht, fo r e iqn material, total 
damaqed kernels, hedt damaged ke rnels and s plits--were evalu-
ated at various points in the marketing channel to determine 
quality characteristic distributions. A comparison between 
producer delivered samples coll ected at country elevators and 
quality information collected from processors and a terminal 
elevator in the s a me area enabl e d us t o compare changes in 
quality that res ult from transportation, stora ge, blendinq 
and handlinq of th e soybeans. Thes e compa risons implied that 
foreiqn material, s plits , h e at d amd qe d k e rne ls and total 
damaqed kernels increased in med n valu~ as the soybeans moved 
from the country el e vator t o the p rocessors and terminal 
elevator. These comparisons als o implied that the producer 
delivered samples had qreater va riability than the processors 
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aud terminal elevator samples for dll q radinq factors. This 
decrease in variability as soybeans mov e through the 
marketinq channel ca n he explained by the blendinq or pooling 
function perforrn erl by elevators. 
Oil and prot e in quality characteristic distributions 
were also developed from the producer de livered samples. In 
addition, oil and protein distributions were developed for 
the entire state of Iowa. These distributions implied a 
qreater variability in both oil and protein content for the 
larqer state-wide sample area. implied that none of the 
present qrade factors were substantially correlated to pro-
tein content, and only for e iqn mdterial was linearly associ-
ated with oil cont ent . Since oil dnd protein-meal are the 
primary products of soybeans, any grading factor that Joes 
not reflect oil and/or protein content should have value or 
merit in itself or sho uld not be included in the soybean 
qrading system. Since market prices and discounts should re-
flect the market value of the product aud the guality charac-
teristic, the present pricinq systP.m and discount schedule 
was used to determine the merit or value of each quality 
factor in arrivinq at a final product value . This dnalysis 
showed that tPst weiqht and split s in dyqreqate accounted for 
only 2.03 per cent of discounts for the pro<111cer delivered 
samples and zero per c e nt of discou nt s for the processors and 
terminal elevator sa mples. Since these two factors had no 
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reflection o n oil or protein content dnd ha d relatively 
little impact on f inal produc t vdlue, their im portance as 
factors in soybean grad inq i s questioned . 
A survey of soybean processors in the North-Ce n t ral 
states shoved that the y placed a greater emphasis on oil and 
meal content as desirable q uality characteristics relative to 
all the present f actors included in the so ybean grading 
system. These processors also pl dced the l east amount of im-
po r ta n c e on s p 1 i ts a n d test we i q h t , f u r t her <Ju es t ion i n g t h P. 
importance of these two factors as qrdding requirements. A 
survey of Iowa country e levators 3 hov ed a s omewhat different 
relative rankinq of th e ~esirability of the various quality 
factors. The difference be tween t he processor and the 
country e levator rankinqs has been necessitated due to the 
qradinq and pricinq system t hat no w exis t s . Although proces-
sors place a qreater relative importance o n oil and pr otein 
content, their desires are not translated back to the country 
elevator or to the produceL due to t he f act that so ybea ns are 
not priced, ei ther directly or indirectly , on oil and protei n 
content. ~n e val uation of the costs in volved in quality de-
t~rmination sho we d that oil, protei n a nd moisture determi na-
tion can be as economical to the processor as t he present 
soybean qradinq pcocedurRs . 
Two total valu e product models were devel oped to arrive 
at a more realistic approximation of true product value. 
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These models implied that th e r e was a p ooL c oLrelation be -
tween the actual valuP of a samplP of s oybeans and th e net 
discounted price for the soybeans according to the present 
pricinq system. Using the various assumptions of the models, 
it was also shown that soybean s vary in oil and protein value 
by as much as 20 cents in a ten-county area in North - Cent ral 
Iowa and by as mu ch as 24 c~nts for th e entire state of Iowa. 
Since soybeans ace not priced on quantity or quality of oil 
or protein, these fiqures imply that those soybeans with 
hiqb-quality, high-quantity oil and/or protein content are 
underpriced and thos e with less desirahle oi l and protein 
content are o verpriced. In addition, dn ad;usted total valu e 
model showed that some producers are overpaid and some 
underpaid for soy bean moisture and foreiqn material depending 
on the amount of each factor in the lot of soybeans in ques-
tion. 
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Table 56. Test veiqht discounts• 
Pounds per bushel Discount per bushel 
>54.0 o. 0¢ 
53.0-53.<} 0.5¢ 
52.0-52.9 , • 0¢ 
51. 0-51. q 1. Sit 
50.0-50.9 2.0¢ 
49.0-49.9 2. 5¢ 
<49.02 
---------------------------------------------------------------
1Discount schedules provided by Swift and Company, Des 
Moines, Iova, and by Boone Valley Cooperative Processing As-
sociation, Eagle Grove, Iowa. 
2All amounts under 49 pound s are suhiect to rejection or 
discount on merit. 
16 7 
Table 57. Moisture disc ount s 1 
Per cent moisture Discount per bushel 
<13.1 o.ot 
13.1-13.5 2. 511! 
13. 6-14. 0 5.0t 
14.1-14.5 1 .·srt 
14. 6-15. 0 10. 011! 
1c;. 1-15.5 12. St 
15.6-16.0 15.0¢ 
16.1-16.5 17. 511! 
16.6-17.0 20.0t 
17. 1-17. 5 22.St 
17. 6-18. 0 25.0t 
)16.0Z 
---------------------------------------------------------------
•Disc ount s ched ul es pr o vided b y Swift and Company, Des 
~oines, Iowa, and b y Boon~ Vall e y coop~rative Processing As-
sociation, Eaq l e Grove , Iow a . 
2All amoun t s o ve r 18 per cent moistur~ are s ubject to 
r e iection or di ticount on mP.rit. 
1 h ll 
Table 58. Splits discountsi 
Per cent splits Discount per busnel 
<20.1 O.OOt 
20.1-25.0 0.25t 
25.1-30.0 o.sot 
30.1-35.0 0.75t 
35.1-40.0 1. OOt 
>40.02 
'Discount schedules provided by Swift and Company, Des 
Moines, Iova, ann by Boon e Valley coope rative Processing As-
sociation, Eaqle Grove, Iowa. 
2All amounts over 40 per cent splits are subject to 
re;ection or discount on merit. 
16 9 
Table 59. Total damaqe discountsl 
Per cent damage Discount pe r bushel 
0.0-2.0 0.0¢ 
2.1-3.0 1. 0¢ 
3.1-4.0 2 . Ot 
4.1-5.0 J.Oit 
s.1-0.0 4.0t 
6.1-7.0 5. Oft 
7.1-8.0 6.0t 
>8.QZ 
---------------------------------------------------------------
lDiscount schedules provided by Swift a nd Company, Des 
~oines, Iowa, and by Boone Valle y cooperative Processing As-
sociation, Eagle Grove, Iowa. 
2All aaounts exceedinq 8 .0 per cP.nt total damage are 
subiect to rejection. 
I I ~ l 
lif'!a t ddm d 4e cl i scu11 11 t ~ • 
Per cent beat namaqe Discount per bushel 
o.o-o.s o.ot 
0.6-1.0 1. Oft 
1.1-1.s 2 .0t 
1.6-2.0 J. 0'1! 
2.1-2.s 4.0t 
2.6-3.0 '). 0¢ 
3.1-3.5 6.0t 
3.6-4.0 7.0¢ 
4.1-4.5 8.0¢ 
4.6-5.0 9 .0¢ 
>5.02 
---------------------------------------------------------------
lDiscount scherlules pr o vided b y Swift and Company, Des 
Moines, Iowa, and b y Boone Va lley Cooperati ve Processing As-
sociation, Eaql ?. Gro ve, Iowa. 
2All amounts exceed in q 5 . 0 per cent heat damaqed kernels 
are sub;ect to re;ection. 
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Table 61. Factor levels fot the 199 producer delivere~ 
harvast s amples 
------------------------------------------------- -------------
Sample Numerical Tes t Fo[' e ign 
number qrade Moisture weiqht materia l Splits --------------------------------------------------------------
1 2 1 2. 4 57.0 1.4 12. 0 
2 , 11. 5 57.0 0.6 8 . 0 
3 1 10.6 56 . 0 1.0 7. 0 
4 1 1 o. 0 57 . 0 1.0 10.0 
5 2 1 3 . 7 5&.0 1.3 5.0 
6 1 1 1. 0 56 . 5 0.2 J .O 
7 1 11. 0 5A .O 0.4 6.0 
B , 9. 'J ') 8 . 0 0 . 1 2 .0 
9 1 1 o. 9 57 . 5 0 • .2 3 . 0 
10 2 1 o. 6 5 ·1. 0 0 .7 14 . 0 
11 1 1 0. 3 5b.O 0 . 7 5.0 
12 1 1 o. 4 57.0 0 .2 4 . 0 
13 1 1 1. 3 56 . 5 0 • 1 2.0 
14 2 , 1. 9 56 .5 2.0 4.0 
15 1 1 o. 5 5>3 . 0 0 .9 8 .0 
16 1 11 . 2 58 .0 1. 0 10 . 0 
17 1 9.J 58.5 0.7 10 . 0 
18 2 11. 7 58.0 1. 2 7.0 
19 1 11. 2 57.5 0.7 8.0 
20 5 11. 7 57.0 7.3 7.0 
2 1 1 s. 9 58.0 O. J 5 . 0 
22 1 1 2. 0 59 .0 0.1 1. 0 
23 1 11 . 5 58.5 0 .4 5.0 
24 1 1 a. 8 59 . 0 o . o 3.0 
25 1 1 2. 3 58 .0 0.6 4.0 
26 1 11. 8 58.0 0 .2 8.0 
27 1 11 . 0 59 . 0 O.J 3.0 
28 1 11. 6 57.5 0.9 7.0 
29 1 1 1. 8 57 . 5 0 . 8 a.a 
3 0 1 11. 9 56 . 5 0 .7 5. 0 
31 1 1 o. 6 58 .0 1.0 6 . 0 
32 , 11. 0 5 7. 0 1. 0 8 .0 
33 2 11. 6 57.5 1. 0 1 2 . 0 
34 1 1 1. 3 56 . 0 0 .3 a .a 
35 2 11. 6 57 . 0 0 . 6 17.0 
36 2 13. 7 56 .a 0 . 3 5 .0 
37 2 11 . 6 57 .0 o. 1 13.0 
38 3 9 . 9 57.0 1. 0 23 . 0 
39 1 1 o. 2 57.5 0 . 1 2 . 0 
40 2 , 3 . 7 56 . 0 0.4 3.0 
17 3 
Table 61. {Continued) ---------------------------------------------------------------
Saaple Numerical Test For:eign 
number: qrade Moisture weiqht material Splits ---------------------------------------------------------------
41 2 , o. 4 57.5 1. 0 18.0 
42 2 9.8 55 . 5 1.7 20 . 0 
43 1 1 o. 5 57.0 0.1 1. 0 
44 1 1 o. 2 56.0 0.3 6.0 
45 1 1 1. 6 57. 0 0 . 1 2.0 
46 1 1 0. 5 56.5 0 .2 10. 0 
47 1 1 1. 5 56.0 0 .4 2 . 0 
48 2 9.J 57.0 1.4 5.0 
49 1 1 1. ) ')6. 0 0 .1 9 . 0 
50 1 1 o. 5 57.0 0 .2 4 . 0 
51 1 1 1. 0 56.0 0 .2 1. 0 
52 1 10.e 5H .O 1. 0 8 . 0 
53 1 1 2. 5 57 . 0 o . o 3 . 0 
54 1 1 o. 2 56 . 5 0 . 8 5 . 0 
55 1 , o. 0 57 . 0 0 .7 4 . 0 
56 2 1 2. 9 55 . 5 0 . 1 1. 0 
57 2 1 1. 9 55 . 0 0 . 5 6 . 0 
58 1 1 o. 8 58 . 5 0 . 1 J.O 
59 2 1 1. 0 54 . 0 0 .1 1. 0 
60 1 12. 3 56 .0 0 . 2 3.0 
61 1 1 o. 2 57. 0 0 .1 2 . 0 
62 3 1 2. 0 53 . 5 2 .9 5 .0 
63 1 1 1. 5 56.0 0 .2 5 . 0 
64 2 1 1. 9 55 . S 0 .4 8 . 0 
65 2 1 1. ) 55 . 5 0 .3 11. 0 
66 1 1 2. 1 57 . 5 0 . 2 4 . 0 
67 2 1 o. 6 57.5 1 • ) 13.0 
68 1 1 o. 7 57 .5 0.1 3. 0 
69 1 9. b 57. 5 0 .5 8 . 0 
70 1 1 2. 2 57.5 o .o 2 . 0 
71 3 1 o. 8 57.0 2 .8 22 . 0 
72 2 13. J 57 . 5 0 .1 2.0 
73 1 1 o. 4 57. 0 0 .7 9 . 0 
74 2 1 o. 2 58.0 1.2 15.0 
75 1 11. 8 57.5 0 .4 8 .0 
76 1 1 1. 5 57 . 0 0 .1 4.0 
77 1 9 . 9 56.S 0 .2 5 . 0 
78 3 13. 3 52 . 5 1.0 7.0 
79 3 1 4. 5 54.0 0 .1 5 . 0 
80 2 1 3. s 54 . 5 0.8 7 . 0 
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Tab l~ 61. (Co ntinued ) ---------------------------------------------------------------
Sample Nu11e ric a. l Tes t Fo [' e i q n 
number q['a.de Mo i s tur e we i qh t ma t e ri a l splits ---------------------------------------------------------------
81 2 1 1. 3 55 . ~ 1. 0 6 .0 
82 1 1 2. 0 57. 5 0 . 1 1 . 0 
8 3 1 1 1. 0 57. 0 0 . 2 2 .0 
84 1 1 1. 0 5 7. 5 0. 2 4.0 
05 , 1 o. 9 ') 7. 0 0 . 1 ).0 
86 3 1 2. 0 ~ 8 . 0 2 .7 18.0 
87 2 1 1. 9 57. 5 1. 5 4. 0 
88 , 1 1. 5 57. 0 0 .2 5. 0 
89 1 1 o. 4 57. 5 O. A 7. 0 
90 2 1 1. 3 57. 0 1. 9 14. 0 
91 1 1 0 . 5 57. 0 0 . 2 3 . 0 
9 2 , 1 o. 2 58 . 0 0 .3 3 . 0 
93 3 1 o. 6 57. 0 2 . 2 14. 0 
94 1 11. 5 57. 5 1. 0 7. 0 
9 5 3 1 o. 7 56 . 5 2 .4 7.0 
96 2 1 o. 4 58 . 5 1. 3 13 . 0 
97 , 1 1. 4 57. 0 0 .4 5 . 0 
98 1 1 1. 9 57. 5 0 . 1 6. 0 
99 1 1 2 . 0 59 . 0 0 . 2 3 . 0 
100 1 1 1. 5 58 . 0 0 .4 6 . 0 
101 1 1 2. 4 56 . 5 0 . 6 8 . 0 
102 2 1 1. 5 57. 0 1.3 10 . 0 
103 1 1 1. 7 57.0 1. 0 8 . 0 
104 4 1 1. 0 56 .0 3 .7 19 . 0 
105 2 1 o. 8 57. 5 1 • 5 10 . 0 
106 1 1 2. 5 58 . 5 1. 0 6 . 0 
107 1 1 1. 4 58 . 0 1. 0 6 .0 
108 2 11. 3 5 7. 5 1.7 8 . 0 
109 1 1 1. 9 57.0 1. 0 7. 0 
110 1 1 1. 4 57.0 1.0 1. 0 
111 4 1 1. 5 56. 0 4.4 1. 0 
112 1 1 2. 3 56 . 0 0. 5 5 . 0 
113 1 11. 2 5 9. 0 o. o 2. 0 
114 2 10 .7 57. 0 0 .1 12 . 0 
115 1 11. 0 5q _5 0 .1 5 . 0 
116 1 1 1. 3 56 . 0 0 . 5 8 . 0 
1 17 1 11. 5 58 . 5 0 . 1 3 . 0 
11 8 1 1 o. 8 59. 5 o. o 2 . 0 
119 1 11. 0 5 7. 5 o. o 6 . 0 
120 J 1 1. 5 58 . 5 2 . 2 6 . 0 
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Table 61. (Continued) ---------------------------------------------------------------
Sample Numerical Test Foreign 
number grade 11oi st ure weight material Splits 
---------------------------------------------------------------
121 1 1 0. 4 57.0 0.3 7.0 
122 2 1 3. 7 56. 5 0.6 6.0 
123 1 1 1. 2 57.0 0.9 7.0 
124 1 1 1. 4 58.0 o.s 9.0 
l25 1 11. 9 58.5 0.1 7.0 
126 1 1 1. 9 59.0 0.2 3.0 
127 1 1 o. 8 57.0 0.4 6.0 
128 1 , o. 5 56.5 0.7 4.0 
129 1 1 o. ~ 58.0 0.2 4.0 
130 1 1 o. 2 59.0 0.3 3.0 
131 1 9.6 57.0 0.6 3.0 
132 1 1 o. 5 58.0 0.3 10.0 
133 2 11. 3 58.5 o.J 13.0 
134 1 1 1. 7 56.5 0.4 6.0 
135 2 1 3. 9 57.0 0.6 4.0 
136 3 11. 5 57.5 2.9 16.0 
137 1 , o. 5 56.S 0.3 7.0 
138 1 1 1. 5 57.5 0.2 6.0 
139 1 11. 5 57.0 0.3 5.0 
140 1 1 o. 8 58.0 0.5 9.0 
141 1 1o. 8 58.5 1.0 10.0 
142 2 11. 5 58.0 1. 2 a.o 
143 1 1 1. 2 57.0 0 .6 9.0 
144 2 1 t. 0 57.0 1.2 9.0 
145 2 13. 3 57.0 0.4 1. 0 
146 3 16. 0 56. 5 1.0 5.0 
147 1 12.7 56.0 0.4 8 .0 
148 1 1 2. 0 57.S 0.7 10.0 
149 2 9 . 9 57.0 1. 9 11. 0 
150 2 1 3. 4 58. 5 0.5 4.0 
151 4 16 . 8 55.5 0.2 1.0 
152 2 14.0 57.0 0.2 4.0 
153 3 1 , • 4 57.5 0.4 2 1. 0 
154 2 11. 6 56.0 1. 2 17.0 
155 1 11. 2 58.0 0.2 1.0 
156 1 1 2. 5 58.0 o.s 7.0 
157 1 11. 8 57.0 0. 1 2 .0 
158 1 1 1. 2 57.0 0.2 8.0 
159 5 1 3. 5 56.5 0.5 1. 0 
160 2 8. 7 57.0 1.5 3.0 
1 7 tl 
Tal>lt> 6 1. (Continu~ d) 
---------------------------------------------------------------
samµle Numerical Te s t Foc.-eiqn 
number qcad e 11oi st ur e v e iqht mat e [' i al Splits ---------------------------------------------------------------
161 1 9.8 58 . 0 0 .7 7.0 
162 2 1 1. 4 5 7. 0 1. 7 12.0 
163 2 1 3. 5 57.0 0 . 5 5 .0 
164 1 1 1. 0 58.0 0 .7 4.0 
165 2 1 o. 9 56.S 1.7 5 .0 
166 2 13. 5 57.0 0 .2 4.0 
167 2 1 3. 6 56.0 0.4 8 .0 
168 2 1 o. 7 56.5 0.2 14.0 
169 2 1 1. 5 58.0 1.0 19.0 
170 1 11. 6 56. 5 0. 1 3 .0 
171 3 1 o. 2 56 .5 0 . 5 23.0 
172 1 1 o. 3 57 .0 0 . 8 4.0 
173 1 1 0. 2 58.5 0.2 6.0 
174 1 1 1. 3 57.0 (). 6 7.0 
175 1 9.4 57.0 1.0 9 .0 
176 1 1 2. B 57 .0 0 .4 6.0 
177 3 1 1. 0 56 . 5 1. 4 22 .0 
178 2 1 2. 2 57. 0 2 . 0 7.0 
179 2 1 2. 7 56.5 1. 6 9.0 
180 1 1 2. 5 58 .0 0 .1 4. 0 
181 2 1 o. 6 57.5 0 . 1 16.0 
182 1 10. 2 58 .5 0 .3 10.0 
183 1 1 o. 2 58.5 0 . 2 1. 0 
184 1 , 1. 0 57.0 0.7 8 .0 
185 1 12. 0 57.0 0. 9 4.0 
186 2 1 o. 2 57.5 1.9 10. 0 
187 1 12. 8 57.0 0.1 1. 0 
188 2 1 3. 8 56.5 2 .0 1 2. 0 
189 1 12. 0 56.0 0.5 6.0 
190 1 11. 7 57.5 0.7 9 .0 
191 3 15. 4 55.5 0.3 2.0 
192 2 13. 5 56 .0 0 .7 13.0 
193 3 14. 7 5&.0 0.4 10.0 
194 1 1 o. 4 56.5 0.3 10.0 
195 1 1 o. 4 58.0 0.3 5 .0 
196 , 11. 5 58.0 1.0 8.0 
197 2 11. 0 58.0 1. 2 6 .0 
198 1 9.0 57.0 0.5 8 . 0 
199 2 9. J sa.o 1.0 15.0 
---------------------------------------------------------------
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Table 62. Oil and protein content for producer delivered 
harvest samples 
Sample 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Per cent 
oil 
22 .59 
22.90 
22.89 
23. 32 
22 . 76 
2J .29 
23.00 
22.43 
22.44 
23.05 
21.41 
21.85 
22. 37 
21.49 
23.83 
23.15 
20.76 
2 1.67 
21.70 
21.01 
22 .61 
22.68 
22.4) 
Per cent 
protein 
41. 46 
41. 92 
40.90 
41. 08 
39. JO 
40. 15 
39.68 
41. 45 
41. 07 
40.36 
4 3. 68 
41. 75 
41. 00 
42. 35 
42. 85 
40.36 
42.56 
42.09 
41.85 
41. 58 
41.29 
40. 70 
41.03 
Table 62. (Continued) 
Sample 
Number 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
JS 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
t 1 Ii 
Pee cent 
oil 
22.47 
21 . 25 
21.80 
2 1. 92 
22 .05 
20 . 96 
21 .51 
22.33 
22.27 
22 . 22 
22 .15 
23 . 04 
23 . 13 
22.78 
22.32 
2 1.45 
22 .86 
22.70 
22 .2A 
22 .65 
23.40 
22 .78 
23.25 
2 J. 15 
Per cent 
pcotein 
40.68 
4 2. 18 
42. SJ 
41. 80 
41. 84 
42.26 
4 1 . 41 
42.27 
41. 71 
42.09 
42.62 
41. 03 
40.69 
41. 63 
41. 32 
4 3. 21 
40.0J 
4 1. 11 
41. 79 
41. 88 
40.47 
41. 56 
41. 71 
40.32 
---------------------------------------------------------------
17Y 
Table 63. Oil a nd prote in content fo r St atistica l Reporting 
Service samples 
Sa11 ple 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
Crop 
district 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
P@.r cent 
oi l 
2 1. 2 7 
22 .4 6 
22 . 6 4 
22 . 09 
20 .Jq 
23 .77 
22 . 96 
21. 4 ~ 
20 . y 4 
20 . 8 1 
2 1. '} 7 
20 . 64 
20 . 60 
20. 8 5 
20 . 8 7 
19. 53 
22 . 26 
19. 29 
20.94 
21.31 
20. 8 2 
20.46 
21. 10 
20. -18 
20.35 
20 . 25 
21. 1 9 
22. 0 0 
19. 2 3 
22 . 0 5 
19.74 
21 . 6 3 
21 .4 2 
2 1. 9 5 
22 . 2J 
22. 25 
Per- cent 
p rote in 
4 1. 9 2 
40.78 
40. 0 3 
li0 . 09 
4 1. 6 3 
40.14 
J9. 2 6 
40.86 
4 2 . 3 9 
42 . 55 
41. 4 7 
4 2. 9 0 
4 J. 2 1 
41.15 
4 0 .56 
44.14 
41 . 96 
44.40 
4,. 9 0 
41.58 
41.10 
43.30 
42. 2 2 
41.90 
43.76 
4 5. 36 
42.00 
4 2 . 4 3 
45.10 
42.3 1 
43.07 
39 .1 0 
42 . 21 
40.83 
4 t. 0 9 
40 .17 
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Table 63. (Continued) 
------------~--------------------------------------------------
Sample 
number 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7 0 
71 
7 2 
Crop 
district 
c; 
5 
5 
5 
5 
5 
5 
5 
s 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
8 
H 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
Per cent 
oil 
22. 4 1 
21.75 
2 2 . 1 2 
22 .7 2 
22.96 
23 . 4 5 
22. 0 2 
20.93 
2 2. 19 
21. 11 
2 2 . 11 
2 ,. 6 2 
19. 6 5 
2 1. 95 
20 . 95 
20.95 
19.96 
22 . 0 1 
22 . 3 7 
21. 6 8 
2 3. 1 0 
22 . 0 8 
22.72 
22.34 
20. 4 5 
21. 7 1 
21.78 
21. 6 4 
22.62 
22. 62 
20 . 5 3 
21.02 
20.59 
22 . 05 
21 . 18 
2 1 • 1 1 
Per cent 
protein 
40. 01 
4 1. 2 1 
41. J 3 
39.23 
37.90 
39.20 
4 2.10 
4 3. 59 
40 . 7 5 
42.16 
40.72 
41.15 
44.23 
40.03 
43.1 2 
42. 5 9 
39.98 
42.82 
39 .77 
39.28 
38. 79 
38.27 
4 0 . 7 1 
40.56 
41.36 
39. 9 8 
~ 1. 9 0 
41.90 
37.80 
)q .45 
4 o. 88 
4 2 . 9 1 
40. 6 7 
39.55 
39.98 
4 1. 2 6 
---------------------------------------------------------------
1 H 1 
APPENDIX C. CHI-SQ UARE TESTS FOR NORMALITY 
1u2 
Ta~le 64. Chi- sq uar e test of normality for moisture content 
in the producer delivered harvest samples' 
Ranqe Expected Obser-ved Chi- square 
<10.05 26.65 17 3.49 
10.05-10.55 2 1. 1 9 30 3.66 
10.56-11.05 2A.04 39 4.28 
11.06-11.55 31.6 2 41 2.78 
11.56-12.05 J0.37 JJ 0.23 
12.06-12.55 24.Ao 11 7.73 
12.56-13.05 17.) 4 6 7.42 
>13.05 18.Q2 22 0 .50 
Total 198. 99 199 30. 0 9 
---------------------------------------------------------------
'The null hypothesis that the distribution is normal is 
r-eiected since the calculated value of chi-squar-e, 30.09, 
exceeds the tabular value, 11.07. 
1AJ 
Table b5. Ch i- :>~ Udl~ tu :-=; t ,,t noL·u1dlity ioL fulldl •Jll 11 c:tltH lc:d 
contt:!nt in the pr:o<l uct:!C deliverer\ hdt"Vest salllples 1 
Ra D qe 
<O. 1 
0.1-0.3 
0.3-0.5 
0.5-0.7 
0.7-0.9 
0.9-1. 1 
l . 1-1.3 
1.3-1. 5 
> 1. 5 
Total 
Expected 
4A.96 
13. 3 5 
14.71 
15.:,H 
1'1.93 
15. 57 
14. 56 
1 3. 1 3 
47. 22 
199. 0 1 
Observed Chi-squar-e 
31 6 .59 
44 10.31 
28 12. 0 1 
2b 6 .97 
9 J. 0 1 
2J l. 5 5 
10 1.43 
6 3.87 
22 13. 4 7 
199 121.27 
------------------------------------------------------------
•The null hypothesis that the distt"ibution is normal is 
rejected since thP. calculat e d value of chi -square, 121.27, 
exce~ds the tabular value, 12. sg. 
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Table 66. Chi-square test of normality for splits in the producer 
delivered harvest samplest 
Ranqe 
<1.5 
1. 5-2. 5 
2.5-3.5 
3.5-4.5 
4.5-5.5 
5.5-6.5 
6.5-7.5 
7.5-8.5 
8.5-9.5 
9.5-10.5 
10.5-12.5 
1 2. 5- 14. 5 
>14.5 
Total 
Expected 
2 2. 98 
q.2H 
11. 4 2 
1 3. 5 2 
1 5. 1:, 
16.39 
16.79 
16.60 
15. 54 
14.04 
2 1.90 
13. 6 4 
11. 7 5 
199.00 
Ob served chi- square 
12 5.25 
13 1.49 
19 5.03 
19 2.22 
21 2 .26 
19 0.42 
20 0. 6 1 
22 1. 7 6 
2.75 
13 0.08 
7 10. 1 4 
9 1.58 
16 1. 54 
199 35. 1 3 
---------------------------------------------------------------
1The null hypothesis that the distribution is normal is 
reiected since the calculate d va lue of chi - sq11are , 35.13, 
exceeds the tabular value, 1 8 . 31 . 
Table 67. Chi-squctre tcf;t ot nurmality for t.egt we ight content 
in the producer delivered hdrvest samplest 
Ranqe Expected Observed Chi-square 
<55.25 6 0. , 2 
55 . :l6-56.25 Jl.07 29 0 . 50 
56. 26-57.25 70. 50 81 1. 88 
57 . 26-58.25 62.15 60 0.07 
>58.25 26.36 23 0 .4 3 
Total 199.01 199 3.00 
1The null hypothesis that the distribution is nor~al is 
accepted since the calculated valu e of chi-square, 3 . 00, is 
less than the tabular value, 5.59 . 
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Table 68. Chi-square t est o f 11ormality for oil content in thP 
producer delivered harvest samples 1 
---------------------------------------------------------------
Ranqe Expected Observed Chi- square 
---------------------------------------------------------------
< 20 . 80 0.60 1 0.27 
20.80-21.20 1. 6 J 2 0.08 
21.21-21.60 4.06 5 0.22 
21.61-22.00 7.44 5 0.80 
22.01-22.20 4.84 2 1. 6 7 
22.21-22.40 5.19 6 0 . 1 3 
22.41-22.60 5. 19 5 0.01 
22.61-23.00 8.84 11 0 .53 
23.01-23.20 3. 20 5 1 • 0 1 
>23.20 6 .0 2 5 0 . 17 
Total 47.01 47 4.89 
lThe null hypothesis that the d istribution is normal is 
accepted since the calculated value of chi-square, 4.89, is 
less than the tabular value, 14. 89. 
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Tahle 69. Chi-s4lldr ~ test llt rtocm:tlity tuc 0il c011tc:!nt Lu 
the statistical Reportinq Service samples• 
Ranqe Expected Observed Chi-squar-e 
<20.20 6.77 6 0.09 
20.20-20.60 6.33 7 0.07 
20.61-21.00 9. 12 12 0.91 
21.01-21.20 5. 4 1 6 0.06 
21.21-21.40 5.74 2 2.44 
21.41-21.60 5.85 2 2.53 
21.61-21.80 5.72 7 0.29 
21.81-22.20 1 o. 19 13 0.77 
22.21-22.60 7.63 1 0.05 
22.61-23.00 4. 8 2 1 0.99 
>23.00 3 0.47 
Total 72.0 2 72 8.67 
---------------------------------------------------------------
1 The null hypothesis that the distrihution is nor-mal is 
accepted since th e calculated value of chi-square, 8.67, is 
less than the tabular value, 15.51. 
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Table 70. Chi-square test of normality for protein content 
in the producer delivered har vest samples• 
Ranqe Expected Observed Chi-square 
<40.00 2. 50 2 0 . 10 
40.00-40.40 3. 16 4 0 . 22 
40.41-40.80 5.27 4 0. ) 1 
40.81-41.20 7.25 7 0.01 
41. 21-41.40 4.07 3 0 .2 8 
41.41-41.40 4. 1) 5 0 . 1 A 
41.61-41.80 3.99 5 0.26 
41.81-42.00 3.68 5 0 .47 
42.01-42.40 5.91 6 0.02 
42.41-42.80 3.76 3 0 . 15 
>42.80 3.26 3 0 .0 2 
Total 46.98 47 2 .0 2 
---------------------------------------------------------------
•The null hypothesis that the distribution is normal is 
accepted since the calculated value of chi-square, 2.02, is 
less than tbe tab11lar value, 15. 51. 
18 'J 
Table 71. Chi-square test o[ fiormrtlity for protein content 
in the Statistical Reporting Service samplest 
---------------------------------------------------------------
Ranqe Expected Observed Chi-square 
---------------------------------------------------------------
<39.20 6.98 5 0.56 
JY.20-39.60 3. 5 l 6 1.77 
39.61-40.00 4.53 4 0.06 
40.01-40.40 5.52 6 0 .04 
40.41-40.80 6.33 7 0.07 
40.81-41.20 6.85 7 o.oo 
41.21-41.60 6.98 6 0. 1 4 
41.61-42.00 6. 7 1 7 0.01 
42.01-42.40 6. l)') 7 0. 15 
42.41-42. 8 0 5. 1 IJ 3 0.92 
42.tjl-43.20 4. 18 5 0. 16 
43.21-43 . 80 4.40 4 0.04 
>43.80 4.75 5 0.01 
Total 71. 98 72 3.93 
'The null hypo thesis that th e distributio n is normal is 
a ccepted since the calculated value of chi-square, J.93, is 
less than the tabuiar value , l d .31. 
1')0 
Table 72. Chi-square test of normality for total value of 
products--simulated processing model--producer 
delivered harvest samples• 
Ranqe 
<3.300 
3.300-3.320 
J.321-3.340 
3.341-3.360 
3.361-3.380 
J.381-3.400 
3.401-3.420 
>J.420 
Total 
Expected 
4.01 
6.22 
9. 91 
11.00 
8.62 
4.70 
1. 89 
0.64 
46.99 
Observed Chi- square 
5 0.24 
2 2.61 
13 0.96 
14 0.82 
9 0.02 
2 1.55 
1 0.42 
1 0.20 
47 t>.84 
---------------------------------------------------------------
'The null hypothesis that the distribution is normal is 
accepted since the calculated value of chi-square, 6.84, is 
less than the tabular v a 1 u e , 11. 0 7. 
1 9 1 
Table 73. Chi-square test of normality for total valu~ of 
products--direct computation model--producer 
delivered harves t samples 1 
Banqe 
<l.220 
3.221-3.240 
3.241-3.260 
J.261-3.280 
3.281-3.300 
3.301-3.320 
J.321-3.340 
J.341-3.360 
>J. 361 
Total 
Expec t en 
0.82 
1. 9 2 
3.05 
8.55 
9.54 
9.44 
7. 10 
4.0 6 
2. 52 
47.00 
Obse rved Chi-square 
2 1.7 0 
2 o.oo 
2 0 .3 6 
6 2. 1) 
11 0 . 22 
9 0.0 2 
11 2 . 14 
3 0 . 28 
1 0.92 
47 7.77 
---------------------------------------------------------------
1 The null hypothesis that the dis tribution i s normal is 
accepted since the calculated value of chi-sguare , 7.77, is 
less than the tabular value, 12.59. 
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TablP 74. Chi-squdre t e st of normality for totdl value of 
products--simulated processinq mortel--Statistical 
Reportinq Service samplest 
---------------------------------------------------------------
RanqP Expected Observed Chi-square 
---------------------------------------------------------------
<3.220 2 0.30 
3.221-3.240 4.79 8 '2. 1 5 
3.241-3.260 8.58 5 1.49 
J.261-3.280 12.44 10 0.48 
3.281-3.300 14.07 18 1.09 
3. 301-3. 320 12.63 14 0. 15 
3.321-3.340 8.66 7 0.32 
J.341-3.360 4.86 6 0.27 
3.361-3.380 2.08 1 0.56 
>3.380 0.92 1 o.oo 
Total 71.97 72 6.81 
lTbe null hypothesis that the distribution is normal is 
accepted since the calculated value of chi-square, 6.81, is 
less than the tabular value, 14. 07. 
Table 75. Chi-square test ut nocw a lity foe to t al valu~ of 
products--direct computation model- - Statistical 
Reportinq Service samples ' · 
Ranqe Expected Obse rved Chi-square 
<3.160 2.70 2 0 . 18 
3.161-3.180 3.79 8 4 .68 
3.181-3.200 6.76 4 1 • 1 3 
3. 201- 3. 220 9.99 10 o.oo 
3.221-3.240 12. 19 13 o.o s 
3.241-3.260 12. 29 9 0.88 
1.261-3.280 10 . 25 11 0 .05 
J.281-3.300 7.06 12 J.46 
J.301-3.320 4. 02 1 2 . 27 
>J. 320 2 . 95 2 0 • J I 
Total 7 2 . 00 72 1J. 0 1 
---------------------------------------------------------------
1 The null hypothesis that the distributio n is normal is 
a c cepted since the . calculated valu~ of chi- squa r e , 13. 0 1, is 
less than the tabular valu e , 14.07. 
APPENDIX D: ANALYSIS OF VARIAN CE FOR REGRESS[ON 
EQUATIONS 
Table 76. Anillysis of v .\cict11ce toL· L"P. q r ~ss ion 0<{11ation 1, 
moisture = f ( test weiqht, splits) 
---------------------------------------------------------------
Source 
Deqrees of 
freedom 
Sum of 
squares 
Mean 
square F-va llle 
---------------------------------------------------------------
Total (uncorrected) 1q9 26278.68 
Mean 1 25973.40 
Total (corrected) 198 305.28 
Reqressioo 2 45. 00 22.50 16.92 
Residual 196 260.28 1. 3 3 
. ----------------------------------------------------------------
Table 77. Analysis of variance for regression equation 2 7 
test weiqbt = f (moistuce) 
--~---------~--~------------------------~----------------------
Source 
Deqr-ees of 
freedom 
Sum of 
squa C'es 
!'lean 
square F-va lue 
---------------------------------------------------------------
Total (uncorrected ) 199 649211.75 
Mean 1 648979.31 
Total (corrected) 198 2 32. 44 
Reqression 1 20. 99 20. 9 9 19. 56 
Residual 197 211. 45 1. 0 7 
--------------~------------------------------------------------
1 '} h 
Table 78. Analysis of variance fo r reqression equ~tion 3, 
foreiqn mat er ial = f (splits) 
--------------------~-----------------------------------------
Source 
Deqree s of 
freedom 
Sum of 
squares 
Mean 
square F-value 
---------------------------------------------------------------
Total (uncorrected) 199 
Mean 1 
Total (corrected) 198 
Reqression 1 
Residual 197 
320. 38 
123. 07 
197.31 
10. 7 3 
186.57 
1o.73 
o. 9 5 
Table 79. Analysis of variance for regression equation 4, 
splits= f (moisture, foreiqn material) 
11. 33 
---------------------------------------------------------------
Source 
Total (uncorrected) 
l'tea n 
Total (corrected} 
Reqression 
Residual 
Degrees of 
freedom 
199 
1 
198 
2 
196 
Sum of 
s quares 
14533. 00 
10146.69 
4386.31 
444. 86 
3941.45 
Mean 
square 
222.43 
20 . 11 
F-value 
11.06 
---------------------------------------------------------------
19 7 
Table 80 . Analy s i s of Vdridn c e fo r reqr e ss i on P4uation ~ . 
oil = f (protein) 
---------------------------------------------------------------
Source 
Deqrees of 
f reedom 
Sum of 
squares 
Mean 
sq uare P-va lue 
---------------------------------------------------------------
Total (uncorrecte d) 47 23585.87 
l'lean 1 23562 .44 
Total (corre cted) 46 23 .43 
Reqression 1 7. 89 7. 89 22.84 
Resid ual 4 5 15 . 54 0 . 34 
---------------------------------------------------------------
Ta ble 81 . Analysis of v ariance for regression equation 6 , 
protein = f (oil) 
Source 
Deqrees of 
freedom 
Su m of 
squares 
Mean 
square F-va lue 
Total (uncorrected) 47 80825 .38 
Mean 1 80787.50 
Total (c orrected ) 46 37 . 88 
Reqression 1 1 2 . 69 22 .68 
Residual 4 S 25 . 18 o. 5 6 
------------------------------------------------- --------------
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TablP 82. Analysis of vari ancP. fo ~ regression equation 7, 
oil= f (protein) 
---------------------------------------------------------------
Source 
Deqrees o f 
fre edom 
Sum of 
squares 
Mean 
square F-va lue 
---------------------------------------------------------------
Tot al (uncorrected) 7 2 33312.68 
.,ea n 1 JJ24J.92 
Total (corrected) 71 68 .76 
Reqression 35 . 99 35. 9 9 
Residual 10 32.77 o. 4 7 
Table 83. Analysis of var iance foe regression e quation 8, 
protein = f (oil) 
76.89 
---------------------------------------------------------------
Source 
Degrees of 
freedom 
Sum of 
squa r-es 
Mean 
square F-va lue 
---------------------------------------------------------------
Total (uncorrected) 72 123 197. 8 1 
Mean 1 123006.69 
Total (corrected) 71 191.12 
Reqression 1 99.77 99 . 7 7 76.44 
Residual 10 91.36 1. J 0 
---------------------------------------------------------------
199 
Table 84. Analy s i s of vat'ld nce foL t' eqress iqn equation 9 , 
oiL = f (forPiq n material) 
---------------------------------------------------------------
Sout"ce 
Total (uncorrec ted) 
Mean 
Total (corrected ) 
Reqression 
Residual 
Deg rees of 
f r eedom 
47 
1 
46 
1 
45 
Su m of 
sgua c:es 
23585 . 8 7 
2)')62 .44 
23. 43 
2 . 52 
20 . 91 
Mean 
sq uare 
2 . 52 
0 .4 6 
F-va lue 
5 .41 
---------------------------------------------------------------
200 
APPENDIX E: SOYBP.AN PROCESSOR AND IOWA ELEVATOR 
QU ESTIONNAIRES 
201 
USDA North-Central Regional Project 
Iowa Stat e Universi ty 
Soybean Processing Questionnaire 
Ct)N FI l\trnT t A I. 
Name of person completing questionnaire ----------------------
(1) What is your soybean crushing capacity? 
_______ bu. per year 
(2) Approximately how many soybeans did you crush last year? 
bu. 
( 3) Which of the following soybean protein products does your f i rm produce? 
Soybean meal --------- Soybean flour 
Other 
(specify) 
(4) What is your average soybean meal (or flour) yield per sixty-pound bushel? 
lbs. 
( 5) What is your average soybean oil yield per sixty-pound bushel? 
l bs. 
(6) Approximately what per cent of the soybeans you receive a re artifically 
dried by you? 
(a) At what average moisture level do you process soybeans? 
------~% 
(b) Are all soybeans processed at or near the same moisture level ? 
Yes --- No----
-L. -
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(7) Do you differentiate in soybean bids by area or locality of p rocurement? 
Yes __ _ No ---
(8 ) Approximately what percent of the soybeans you buy are on a contract-future 
deli very basis? 
'70 -----
(a) Is the numerical grade for these soybeans specified in the contractual 
agreement? 
Yes __ _ No ---
(9) Do you consider the value of the numerical grade of soybeans sufficient 
information for procurement and/or pricing purposes? 
Yes No ---
(a) If no, do you feel that the inclusion of the t est results for the 
various grade factors is s ufficient informati on? 
Yes No --- ---
( 10) What percent of the soybeans you receive are from: 
(a) Farmers % 
(b) Country elevators % 
(c) Terminal elevators % 
(d) Other % 
(specify) 
100% 
(11) Consider the following modes of arrival for soybeans, then complete the 
relevant parts of the table. 
% Graded % Graded Cost Per Sample 
Tractor-wagon 
100-300 bu. truck 
Over 300 bu. truck 
Box car 
Hopper car 
Barge 
Loads by Your 
Per Week Company 
by Licensed for Grading by 
Inspector Licensed Inspector 
-J-
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(12) If you do your own grading , approximately how many man-hours per year ar e 
devoted to such activities? 
hrs . 
( 13 ) Check the following types of grain grading equipment your firm has and uses . 
Number Owned Number Used Brand Name 
(a) Mechanical sampler 
(b) Moisture tester 
(c) Test weight scale 
(d) Grain sieve 
( e) Gram scale 
( f) Grain divider 
(g) Prob le 
(h) Pelican sampler 
(14) Do you buy origin grade soybeans ? 
Yes No-----
(a) If yes, what percent of these or igin grades do you re-gr ade at the 
receiving area? 
_______ % 
(b) If no, are you in favor of origin grading? 
Yes No-----
(15) Are all, or any, of your soybeans " screened" to r emove excess foreign 
material before processing? 
Yes No-----
(a) If yes , please indi cate the approximate percent screened. 
_______ % 
(16) Would you be willing to buy soybeans on strickly a factor basis, omitting 
numerical grade classification? 
Yes No----
(17) Would you be willing to buy soybeans on both a premium and discount basis? 
Yes No----
(a) If yes, what criteria would you use ? 
(18) Do you distinguish between green damage and damage other than green when 
procur ing soybeans? 
Yes ___ _ No-----
(a) If yes, what distinction is made? 
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(19) Do you feel that test weight is an important de terminant in quantity or 
quality of product output? 
Yes __ _ No __ _ 
If yes, in what way?~--------------------------
(20) Do you feel t hat splits are an impo rtant determinant in quantity or quality 
of produ ct ou tput? 
(21) 
(22) 
Yes No ---
If yes , in what way ?~--------------------------
What quality factors, others than those included in the present grading 
system, do you feel affect the final quantity or quality of your soybean 
meal or oil output? Please list. 
Do you t est for these ? 
Yes No 
What type of processing does your fi rm perfo rm? 
Solvent extractio n Screw-press~-------
(23) Do you take oil and protein tests on your raw soybeans? 
Yes __ _ No __ _ 
(a) If yes, how many such tests are performed per month? 
(b) Does an outside che mical lab do the testing for you? 
Yes No ---
(24) Would you be willing to buy soybea ns on an oi l and protein basis if a 
fast, economical, and r e liable method of oi l and protein determination 
was available? 
Yes___ No __ _ 
(25) Do you experience a seasonality in soybean quality characteristics o ther 
than moisture? 
Yes No --- ---
(a) Elaborate 
~-----------------------------~ 
- 5-
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(26) On the average, approximately what percent of your t ota l soybean receipts 
have the f o llowi n g c haracteristics? 
(a) Sour, musty, or heating soyb ean s 
( b ) Black, brown, or bi-colored soybeans 
(c) Garlicky soybeans 
(d) Weevily soybean s 
(e) Purple mo ttled soybeans 
_______ % 
_______ % 
% - -----
______ % 
_______ % 
(27) Do you conside r pu rple mottled soybean s a serious problem if present in a 
shipment of soybeans? 
Yes No __ _ 
(a ) If yes , in what way ?------------------------~ 
(28) There are several impo rtant quality characte ristics to consider when buying 
and processing soybean s. Consider the fo llowing list of quality characteristics 
and then rank them in the order of importance t o you, as a processor . (1 
being the highest rank and 9 be ing the lowest rank) 
Foreign material 
Oil content 
Splits 
Protein content 
Test weight 
Total damage 
Heat damage 
Moisture 
Black, brown, or bi-colored 
(29) What changes, if any, would you like t o see made in t he present soybean 
g rading system ?------------------------------~ 
CONFIDENTIAL 
I. QUALITY FACTORS 
IOWA STATE UNIVERSITY 
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IOWA GRAIN ELEVATOR CORN AND SOYBEAN QUALITY 
AND GRADING QUESTIONNAIRE 
April 1972 
(1) Consider the following lists of corn and soybean quality characteristics 
and then rank them from 1 through 9 in order of importance to you, as an 
elevator manager. (1 being of most importance and 9 of least importance) 
Corn 
Foreign material 
____ Rodent excreta 
Stress cracks 
---- Weevily corn 
~~~~ Test weight 
---- Total damage 
---- Heat damage 
____ Moisture 
Soybeans 
____ Foreign material 
Oil content ----
----Splits 
____ Protein content 
~--- Test weight 
---- Total damage 
---- Heat damage 
____ Moisture 
____ Musty, sour, or heating ---- Black, brown, or bi-colored 
(2) The present standards for corn include the factors "broken corn and foreign 
materials." Broken corn is defined as pieces of kernels that will pass 
through a 12/64-inch round-hole sieve . It has been suggested that large 
broken pieces of kernels which will remain on t op of an 8/64-inch round-
hole sieve should not be included in the factor "broken corn and foreign 
material" but should be included in a new factor, "large broken corn." 
Do you believe that the standards should be revised to include a new factor, 
"large broken corn" ? 
Yes No 
II. SAMPLING AND GRADING 
(3) How many of each of the following types of grain grading equipment does 
your firm own? 
Number Owned Brand Name 
(a) Mechanical sampler 
(b) Moisture tester 
(c) Test weight scale 
(d) Grain sieve 
(e) Gram scale 
(f) Grain divider 
(g) Probe 
-2-
(4) Do you have a mechanical sampler for sampling outbound grain? 
207 
Yes ___ _ No ___ _ 
(a) If YES, what percent of your rail corn and rail soybeans do you sell 
on origin grade? 
Corn ___ % Soybeans ___ % 
(b) If NO, do you plan to acquire a mechanical sampler within 5 years? 
Yes ___ _ No ----
(S) Approximately how many man-hours per year are devoted to sampling and 
grading grain at your elevator? 
Inbound grain hr/yr ---- Outbound grain _ ___ hr/yr 
(6) What percent of the total inbound samples of corn and soybeans are 
evaluated for each of the following factors? 
Corn Soybeans 
Moisture % _____ % 
Test weight % _____ % 
Foreign material % _____ % 
Total damage % _____ % 
Splits xxx % _____ % 
III. PRICING AND DISCOUNTS 
(7) What is your discount schedule for corn and soybeans ? 
[Feel free to insert a printed copy if you have one available.] 
c om Sovbeans 
Moisture 
Test weiizht 
Foreiizn material 
Total damaize 
So lits 
xxx 
Other (snecifv) 
